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ABSTRACT 
Bo Qin:  Diet, vascular risk factors, and cognitive decline in Chinese older adults 
(Under the direction of Michelle Mendez) 
 
Health behaviors, including increasing intake of fish and several other components of the 
Mediterranean dietary pattern, have been postulated as potentially promising strategies for 
slowing age-related cognitive decline. One of the pathways through which diet has been 
hypothesized to slow cognitive decline is by contributing to improved vascular control, though 
research demonstrating this link is limited.   
Using a prospective cohort of community-dwelling adults at least 55 years who 
completed a cognitive screening test at two or more waves of the China Health and Nutrition 
Survey in 1997, 2000 or 2004, we aimed to determine the relation between diet (particularly fish 
consumption and dietary patterns), vascular conditions such as blood pressure (BP) and the rate 
of cognitive decline. 
 In aim 1, we evaluated if consumption of fish predicted slower decline in cognitive 
function. We found that consuming at least one serving per week of fish was associated with  
slower decline of cognitive function for individuals 65+. Aim 2 evaluated how changes in 
cognitive scores were associated with an adapted Mediterranean diet (aMeDi) score and two 
dietary pattern scores derived from principal factor analysis. Our results have shown that greater 
consumption of an aMeDi, and a factor analysis derived dietary pattern rich in wheat, fish, fruits, 
and nuts, which we labeled a wheat-based diverse diet, were both associated with slower decline 
of cognitive function for adults 65+. In Aim 3, we calculated the long-term mean BP, visit-to-
iv 
visit variability in BP represented by the standard deviation and coefficient of variation across 
visits. Higher visit-to-visit variability in BP independent of mean BP predicted a faster decline of 
cognitive function. We did not observe a relation between aMeDi and visit-to-visit variability in 
BP. 
 In conclusion, our findings suggest a potential role of fish intake, and higher adherence to 
either a Mediterranean diet or a wheat-based diverse diet, to reduce the rate of cognitive decline 
in later life. Our study also suggests a possibility that controlling long-term blood pressure 
instability could be a strategy in preserving cognitive function among older adults, although 
lifestyle factors that may help to meet this objective are yet to be identified. 
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Chapter 1. Introduction 
Background 
China is facing an unprecedented pace of population aging. A clear negative effect of 
aging is the dramatically increased number of people with dementia. In China, dementia 
prevalence will increase by 391%, from 5.5 million in 2005 to 27 million in 2050.
1
 Dementia is 
nearly always preceded by decline in cognitive function. Laboratory work has highlighted the 
potential of preventing cognitive decline through diet, particularly fish rich in long chain ω3 
polyunsaturated fatty acids, and other foods that emphasize anti-inflammatory and anti-oxidants 
properties.
2,3
 However, there is insufficient epidemiological evidence in Western countries, and 
none from China, regarding the benefits of either fish intake or overall dietary patterns for 
slowing age-related cognitive decline.  
 Understanding the mechanisms linking diet and cognitive function may help not only to 
elucidate the causal pathways, but may also help to identify critical components of interventions 
to improve cognition in older adults. Though vascular conditions such as hypertension are 
thought to be risk factors for cognitive decline, there are important gaps in the scientific literature 
on this topic, and thus in understanding of effective strategies for prevention. Considering the 
magnitude of the prevalence of hypertension in the Chinese population (37% of age 45 to 64, and 
57% of age 65+ 
4
), it is of great public health significance to determine the relationship between 
diet, blood pressure and cognitive function. However, there is inconsistent evidence regarding 
the role of blood pressure control, in the form of hypertension, on cognitive decline. Few studies 
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so far have evaluated whether reducing hypertension or mean blood pressure may mediate the 
relation between diet and cognitive decline.
5
 Moreover, recent data suggest increasingly that 
blood pressure variability may be more strongly related to cognition in older adults than is mean 
blood pressure.
6,7
 We proposed to evaluate both hypertension/mean blood pressure and blood 
pressure variability as important vascular risk factors for cognitive decline, and to determine 
whether these measures of blood pressure control mediate the relationships between diet and 
cognitive decline.   
We used longitudinal data from the China Health and Nutrition Survey (CHNS). This 
household-based survey collected detailed demographic, socioeconomic, physical activity as 
well as diet and health information at individual, household and community levels over 20 years. 
Cognitive function was tested in community dwelling older adults (age ≥55) over the course of 7 
years. Thus, CHNS provided us a unique opportunity to understand the relationship between diet, 
vascular risk factors, and cognitive decline in Chinese older adults.  
 
Research Aims 
Aim 1: Determine whether baseline fish intake is associated with cognitive changes for a 
period up to 7 years (from 1997 to 2004) in community dwelling Chinese older adults (55+). 
This aim focused on model building and the role of one important component of the 
Asian diet, fish consumption, on cognitive change in Chinese older adults. Alternative measures 
of global and domain-specific cognition were developed, and appropriate mixed-effects models 
for analyzing repeated measures of these cognitive measures were developed. We hypothesized 
that higher fish consumption would be associated with a slower rate of cognitive decline, 
independent of a wide array of socio-demographic factors. 
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Aim 2: Determine the association between dietary patterns and cognitive changes in 
Chinese older adults. 
2a. Construct a Mediterranean diet scale adapted to the Chinese food culture and the distribution 
of food intake in the study population, based on the a priori hypothesis that adherence to this 
adapted Mediterranean diet would be beneficially related to cognitive changes over time. 
2b. Use principal factor analysis to derive underlying empirical dietary patterns among older 
adults in the CHNS population, and determine whether baseline dietary patterns influence 
cognitive changes over time. 
We hypothesized that the adapted Mediterranean diet (aMeDi) would be associated with 
better cognitive function, and that a Chinese dietary pattern which shared features of the aMeDi 
such as higher intake of vegetables, fruit and fish, predict slower progression of cognitive 
decline.   
 
Aim 3. Determine whether blood pressure mediates the relation between adapted 
Mediterranean diet and cognitive decline.  
3a. Evaluate the relation of two measures of blood pressure regulation—mean blood pressure 
and visit-to-visit blood pressure variability—with cognitive decline. 
3b. Evaluate if the Mediterranean diet and its components including fish are associated with the 
components of blood pressure regulation associated with cognition. 
3c. Determine if the association between diet and cognitive function may be partly mediated by 
effects of diet on one or more of these components of blood pressure regulation. 
We hypothesized that higher visit-to-visit blood pressure variability, but not mean blood 
pressure, would be associated with faster decline in cognitive function. We hypothesized that 
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visit-to-visit blood pressure variability might be a partial mediator in the pathway between diet 
and cognitive preservation. 
5 
Chapter 2. Literature Review 
Why is studying cognitive decline an urgent issue globally and in China? 
 China contributes more than 1/3 of Asia's aging population and is facing an 
unprecedented demographic transition towards aging population. There are 185 million people 
who have reached 60 years of age, representing more than 13.7% of the Chinese population. This 
percentage is projected to be 31% in 2050.
1
 Asia is also witnessing a dramatic increase in the 
number and proportion of people at or beyond 60 years of age. For the region as a whole, the 
elderly population will increase by 209%- from 400 million in 2009 to 1,236 million in 2050.
1
  
A clear negative effect of aging is the dramatically increased number of people with 
dementia, where Alzheimer’s disease (AD) is the most common cause (60-80% of dementia).8 
Both the prevalence and incidence of dementia in Asia is projected to increase by more than 3 
times from 2005 to 2050.
9
 In China alone, dementia prevalence will increase by 391%- from 5.5 
million in 2005 to 27 million in 2050. The number of people with mild cognitive impairment 
(MCI) is larger than that with AD. Individuals with MCI  have not met the diagnosis criteria for 
dementia but are at increased risk for it.  
Population aging and the burden of dementia is a global issue. The US also will 
experience an unprecedented increase in individuals age 60 and older, from an estimated 56 
million or 18% of the total population in  2009 to 27% by 2050 as the “baby boomer” generation 
ages.
1
 More than 13.5 million Americans age 65 years or older will have AD dementia by 2050, 
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which will cost the US more than $20 trillion over the next 40 years if we cannot slow, delay or 
prevent its progression.
10
  
Dementia places a heavy emotional, financial and social burden on affected families and 
friends and the health care system.
11
 However, no effective treatments currently are available to 
cure, or even change the progression of dementia,
12
 highlighting the significance of prevention. 
The pre-symptomatic phase of AD and the early stage of cognitive decline are thought to be 
critical periods to intervene to prevent progression to dementia.
2-5
       
We know that memory decline is one of the earliest signs of prodromal AD and predicts 
higher risk of dementia.
13
 Measures of memory change are particularly critical since the rate of 
decline is considered to be the most important indicator of dementia rather than the absolute 
level.
14
 Therefore, it is especially important to study risk or protective factors for memory 
decline, and it is particularly urgent in China, with a rapidly growing population at risk of 
dementia. 
 
Longitudinal observational data is needed to understand the relationship between dietary 
factors and cognitive change over time  
 Prospective observational studies provide special value in understanding this relationship 
since randomized clinical trials may not be long enough to capture the benefits of diet such as 
fish on cognitive loss or may be subject to insufficient power, which might partly explain the 
inconsistent evidence in some small, short-term, randomized trials of ω3 PUFAs and cognitive 
function.
15-17
  
 Modeling the changes in longitudinal health outcomes is of great interest in public health, 
since it provides the most valid information on factors that may beneficially influence the 
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development and progression of these outcomes over time. However, this requires an extensive 
longitudinal dataset with multiple measures over time of the health outcomes of interest. Up until 
now, longitudinal analysis strategies were not commonly used in studying diet and cognitive 
function decline. Compared with traditional ordinary least-squares regression which assumes 
residuals are independently distributed with homoscedastic variances across time and individuals, 
mixed-effects models allow us to study cognitive change in a more sophisticated way by 
addressing residual autocorrelation and heteroscedasticity, inherent challenges when measuring 
the same person several times.
18
 By using mixed-effects models, ours is the first study in Chinese 
older adults that 1) captures different rates of cognitive decline among individuals over a mean 
follow-up of more than three years, and 2) determines whether dietary factors predict the inter-
individual differences in changes over time in cognitive function.  
 
Additional literature gaps regarding fish consumption and cognitive decline 
There is mixed evidence in Western countries regarding fish or fish oil intake in 
preventing cognitive decline. Since different types and preparation methods may lead to varied 
intake of ω3 PUFAs associated with seafood consumption, the beneficial effects of fish on 
cognitive function may vary depending on these factors. For example, dried salted fish high in 
sodium may be less beneficial than fresh fish,
19,20
 while the lower concentrations of the 
docosahexanoic acid (DHA) in shellfish may lead to lower cognitive benefits associated with this 
type of seafood than fish.
21
 We therefore found it important to evaluate associations between 
cognitive decline and seafood subtypes and preparation methods, which were not examined in 
the previous two Chinese studies on diet and cognition.
22,23
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In addition, the strong association of socio-demographic and lifestyle factors with 
cognitive function indicates the importance of disentangling their effects in diet and cognitive 
function related etiologic research.
24-26
 We therefore applied special attention to evaluating how 
fish intake was associated with other socio-demographic and lifestyle factors potentially related 
to cognition, and to controlling for a wide array of potential confounding to obtain valid 
estimates of the relationship between fish intake and cognitive decline. 
 
Why study dietary patterns and cognitive decline? 
Understanding the effect of dietary patterns on cognitive function is also necessary and 
important because foods and nutrients are consumed together in complex combinations. Dietary 
pattern analysis would allow us to capture the multidimensionality of the diet, and to capture 
synergistic or cumulative effects of multiple foods and nutrients consumed in combination, as 
well as alleviating the concern of high correlations between dietary factors in single food or 
nutrient analysis.
27
  
  Recently, the health benefits of the Mediterranean diet have received extensive attention. 
The Mediterranean dietary pattern is mainly characterized by high intake of fruits and 
vegetables, legumes, cereals and fish, foods known to have antioxidant and anti-inflammatory 
properties that might protect against neurodegeneration. Demonstrated beneficial associations 
between the Mediterranean diet and systemic inflammation,
28,29
 blood pressure,
30,31
 lipid 
profiles
32
 and oxidative stress,
33,34
 make this a priori pattern potentially highly relevant to 
research on cognitive decline, in which each of these factors have been implicated. Some studies 
have reported that the Mediterranean dietary pattern was associated with a linear dose-response 
reduction in mean rates of decline in some aspects of cognitive function.
35-37
 However, recent 
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evidence from other large cohort studies found no association between Mediterranean diet and 
cognitive change.
38,39
 The conflicting evidence raises the concern that the associations reported 
in earlier research may be at least partly attributable to residual confounding by lifestyle and 
socioeconomic correlates of this diet pattern.
38
  
  The Mediterranean diet approach is a hypothesis driven approach that uses scores 
constructed based on relative intake of selected food groups within the population under study to 
indicate dietary quality. One major limitation of the Mediterranean diet approach is that findings 
may not be generalizable to non-Mediterranean populations with different food cultures, due to 
differences in the amounts and types of foods consumed within the major food groups involved.  
Therefore, in addition to the Mediterranean dietary approach, we also proposed to study dietary 
pattern and cognitive changes by using principal component analysis to derive a posteriori 
dietary patterns that reflect population intake patterns. 
 Principal component analysis (or factor analysis) derived dietary patterns identify how 
intakes of the food components included in the analysis are correlated, suggesting underlying 
existing consumption patterns within the population under study.
40
 Because patterns are 
constructed based on empirically observed eating patterns rather than a priori hypotheses, they 
may not consistently reflect variation in intakes of some foods or nutrients relevant for the 
outcome under study. Nonetheless, these patterns may be especially useful in understanding how 
foods are eaten in combination within a population, and informing public health 
recommendations especially applicable in that setting. Though this method has been successfully 
applied in research relating dietary patterns to cardiovascular disease in a wide variety of 
populations,
41-49
 this approach has only been applied in relation to cognitive function in middle-
aged (33-55 years) population in one cross-sectional analysis from the Whitehall II study.
50
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 By comparing associations with both Mediterranean dietary pattern and principal 
component-derived diet patterns, our study seeks to address several gaps in the literature, namely 
1) the limited and mixed evidence regarding the association between Mediterranean diet and 
cognitive decline; and 2) the inconsistency of associations between cognitive decline and a 
Mediterranean diet index, its food components, and overall a posteriori dietary patterns that may 
better reflect culturally-relevant diets of Chinese older adults. To our knowledge, no previous 
studies on cognitive function have evaluated the utility of alternative strategies for constructing 
dietary patterns for identifying the dietary components most robustly linked to this outcome, and 
evaluating potential reasons for any discordant results.  
 
Do vascular conditions such as blood pressure mediate the relation between diet and 
cognitive function? 
 Understanding the mechanisms linking diet and cognitive function can help to elucidate 
the causal pathways, and potentially identify critical components of interventions to reduce 
cognitive impairment in older adults. Over the long-term, high blood pressure (BP) might 
influence cognitive performance through directly damaging neurons,
51
 affecting the integrity of 
the blood brain barrier and blood vessels of the brain.
52,53
 As a consequence of arterial damage, 
prolonged high BP might ultimately reduce blood flow to the brain and subsequently impair 
delivery of nutrients, in particular glucose, to the brain. Endothelial damage due to hypertension 
can lead to increased local and systemic inflammatory responses,
54
 which may also contribute to 
neuronal loss.
55
  Several studies have shown an association between hypertension during mid-life 
(age 40-64 years) and poorer cognitive function later in life, 
56-59
 but evidence is mixed for 
adverse effects of late-life (age ≥65 years) hypertension.58  
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 Recent evidence has suggested that high levels of fluctuation in BP may contribute, 
independent of mean BP levels, to risk of multiple adverse health outcomes, including risk of 
dementia,
60
 stroke,
61
 cardiovascular morbidity and mortality,
62
  and overall mortality.
63
 
Fluctuations in BP measured over visits spanning months or years may be a reflection of 
hemodynamic instability, which may lead to insufficient cerebral blood flow and subsequent 
brain lesions.
64,65
 It remains to be established whether, in the general population, this aspect of 
blood pressure regulation may be more strongly predictive of cognitive decline at older ages than 
is hypertension.  
 So far, few studies have examined whether higher visit-to-visit BP variability predicts 
lower cognitive function over time. Except for one study,
60
 others have only a single timepoint of 
cognitive assessment.
6,7,66,67
 Most studies have been conducted in populations at risk of 
cardiovascular disease. Moreover, besides a limited class of medications, few factors that may 
help to reduce BP variability have been identified. Several recent studies have examined whether 
nutritional factors associated with hypertension may help to reduce BP variability, including a re-
analysis of data from a weight loss and sodium reduction trial,
68
 and recent intervention 
involving aerobic exercise,
69
 both with null results. It remains unknown whether other healthy 
dietary factors which are known to prevent hypertension (e.g. Mediterranean diet 
70
) may be 
associated with visit-to-visit variability in BP. 
 Considering the magnitude of the issue of hypertension (37% of age 45 to 64 years, and 
57% of age 65+ years 
4
) in the Chinese population, it is of great public health significance to 
determine the relationship between diet, vascular conditions (e.g., high BP or BP instability) and 
cognitive function. However, few studies so far have evaluated the role of vascular conditions on 
the relation between diet and cognitive decline.
5
 Using mediation analysis, we will determine to 
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what extent measures of blood pressure control appear to mediate the relation between 
Mediterranean diet and cognitive decline in older adults. 
 
Why use China Health and Nutrition Survey (CHNS)?  
 The CHNS is an ongoing open cohort study designed to examine how the social and 
economic transitions in China affect the nutritional status and health of the Chinese population.  
The data collection was first initiated in 1989, and eight panels were collected in 1991, 1993, 
1997, 2000, 2004, 2006, 2009 and 2011. 
 The CHNS was conducted in nine provinces of China, including (from North to South) 
Heilongjiang, Liaoning, Shandong, Henan, Henan, Hubei, Hunan, Guizhou, and Guangxi. The 
provinces are substantially different geographically and in economic development. A multistage, 
random cluster process was used to sample counties in each of the provinces. Counties within 
each province were stratified by income (low, middle, high) and using a weighted sampling 
strategy four counties within each province were randomly selected. Villages and townships 
within the counties and urban and suburban neighborhoods within the cities were randomly 
selected as the primary sampling units.  
This household-based survey collected detailed demographic, socioeconomic, physical 
activity as well as diet and health information at individual, household and community levels.  
The CHNS used a brief measure of cognitive status among adults age ≥55, which included items 
assessing verbal memory, attention, calculation, orientation, and naming. Memory, attention and 
calculation (counting backward, serial 7) were measured in four waves (1997, 2000, 2004 and 
2006) while orientation (Year/Month/Date) and naming scissors were measured in three waves 
(1997, 2000 and 2004). Those measures have been used in the U.S. Health and Retirement Study 
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and other national studies including the Chinese population, and to characterize differences and 
changes of cognitive function.
12-14
 
 The dietary intake information in CHNS measured at each wave combined the individual 
dietary intake collected based on consecutive three-day 24-hour dietary recalls and household 
food inventory data collected on the same three days. This method could provide more valid 
intake estimates, particularly in this older population since it is less reliant on memory and 
cognitive abilities.   
 Although CHNS was not designed to be nationally representative, our estimation of food 
and nutrients intake was comparable with the China National Nutrition and Health Survey, a 
nationally representative survey.
71
 The distributions of other measures such as socioeconomic 
indicators were similar to national survey data. The geographic variability, long follow-up 
period, and high quality of the measures imparted a great ability to study the association between 
diet and cognitive decline in a population-based sample and to generalize the results to the 
Chinese population.
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Chapter 3. Fish intake is associated with slower cognitive decline in Chinese older adults 
Overview 
Modifiable lifestyle changes including dietary changes could translate into a great 
reduction in the global burden of cognitive impairment and dementia. Few studies have 
evaluated the benefits of fish intake for delaying cognitive decline, and no studies have been 
conducted in a Chinese population, who may differ substantially with respect to types, amounts, 
and correlates of fish consumption compared to Western populations. We hypothesized that 
higher consumption of fish would predict slower decline in cognitive function, independent of a 
wide range of potential confounders. This prospective cohort study comprised 1566 community-
dwelling adults at least 55 years who completed a cognitive screening test at two or more waves 
of the China Health and Nutrition Survey in 1997, 2000 or 2004, with a mean follow-up of 5.3 
years (age at entry, mean ± SD: 63 ± 6 years). Diet was measured by 3-day 24-hour recalls at 
baseline. Outcomes included repeated measures of global cognitive scores (baseline mean ± SD: 
19 ± 6 points), composite cognitive z-scores (standardized units [SU]), and standardized verbal 
memory scores (SU). Multivariable-adjusted linear mixed-effects models were used to evaluate 
the relationship of fish intake with changes in cognitive scores. Age was found to significantly 
modify the association between fish consumption and cognitive change (p=0.007). Among adults 
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≥65 years, compared with persons who consumed <1 serving (100g) of fish/week, the mean 
annual rate of global cognitive decline was reduced by 0.35 points (95% CI, 0.13-0.58) among 
those consuming ≥1 serving/week, equivalent to the disparity associated with 1.6y of age. Fish 
consumption was also associated with a slower decline in composite and verbal memory scores. 
No associations were observed among adults <65 y. Our findings suggest a potential role of fish 
consumption as a modifiable dietary factor to reduce the rate of cognitive decline in later life. 
 
Introduction  
With population aging, the global burden of cognitive impairment and dementia is 
expected to increase substantially in coming decades.
72
 One strategy for reducing long-term risk 
of these disorders may be the promotion of dietary changes, such as increasing intake of fish, 
which has been hypothesized to reduce the rate of cognitive decline. Although evidence remains 
limited, several mechanisms linking nutrients such as ω3 polyunsaturated fatty acids (ω3 
PUFAs) in fish to cognitive health have been proposed.
2
 However, as fish is rich in other 
nutrients that may benefit cognitive function, such as magnesium, selenium, vitamin D and 
several B vitamins, 
73-75
 the interplay of a number of nutrients in fish may be responsible for the 
health benefits of fish consumption.
76,77
  
Few studies, all conducted in Western populations where fish intake was strongly related 
to socioeconomic status and other health behaviors, have evaluated the benefits of fish intake for 
delaying cognitive decline; some inconsistencies were found. In two prospective studies with 
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moderate-to-high proportions of nonconsumers (43% and 24% respectively), fish consumption 
was associated with a slower rate of cognitive decline among adults aged ≥65 or ≥70 years.78,79 
Another study, also in a population with moderate nonconsumption (20%), found higher intake 
of fatty fish to be beneficially associated with change in verbal memory.
80
 However, a 
prospective study in a more socio-demographically homogeneous population with few non-
consumers (mean intake of 0.2 serving/week in the lowest quartile) found no association between 
fish intake and cognitive decline among men 50-85y at baseline.
81
 These findings suggest that 
any benefits of fish consumption for delayed cognitive decline may be limited to specific 
population subgroups or specific types of fish, might be confounded by socio-demographic 
correlates of fish consumption, or may be accrued even at relatively low levels of intake.  
As a result of inconsistencies in the literature, it remains uncertain to what extent benefits 
of fish consumption for cognition can be generalized to all older adults, and to populations 
consuming different types of fish. Few studies have examined whether beneficial effects may 
vary be observed at relatively young ages, when the onset of cognitive decline may occur.
82
 It 
also remains uncertain whether effects may vary depending on seafood subtypes analyzed, or 
whether apparent benefits of fish may be attributable to confounding by other dietary factors or 
health behaviors. Moreover, no studies on fish consumption and cognitive decline have been 
conducted in a general Chinese population, where population aging and dementia burden are 
projected to increase dramatically in the next four decades.
9
 Considering the substantial 
difference with respect to types, amounts, and correlates of fish consumption compared to 
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Western populations, this study conducted in a community-based Chinese population may help 
to strengthen the evidence of the role, if any, of fish consumption in delaying cognitive decline.  
The current study examined prospectively whether fish consumption is associated with 
reduced cognitive decline in community-dwelling Chinese older adults. We specifically 
examined associations in subgroups characterized by age, assessed whether effects may be 
stronger after excluding selected types of seafood, and addressed confounding by dietary 
patterns.  
 
Methods 
Study Population 
We used longitudinal data from the China Health and Nutrition Survey (CHNS).
83
 The 
CHNS was conducted in nine provinces of China, which are substantially different 
geographically and in terms of economic development. This household-based survey collected 
demographic, socioeconomic, physical activity as well as diet and health information at 
individual, household and community levels. In 1997, 2000 and 2004, the CHNS administered a 
brief cognitive status measure to adults at least 55 years old, which included items assessing 
immediate and delayed memory, attention, calculation and orientation.  
This study included adults aged 55+ who were administered the cognitive measure on at 
least two measurement occasions from 1997 to 2004. Among the 2408 adults with at least one 
wave of measurement (participation rate for a baseline cognitive test among eligible CHNS 
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participants 73%), 1677 (70%) had at least two measurement occasions of cognitive function. 
Selectivity of the sample based on a wide array of characteristics was evaluated prior to further 
data analysis. After eliminating 27 persons with missing dietary information and 84 with missing 
important covariates, a total of 1566 were included in this study. The number of observations per 
person ranged from 2 to 3 with a mean of 2.3.  
All participants in CHNS provided written informed consent. The institutional review 
committees of the University of North Carolina at Chapel Hill and the National Institute of 
Nutrition and Food Safety, Chinese Center for Disease Control and Prevention, approved this 
study.  
 
Dietary assessment  
The baseline dietary intake information in the CHNS was collected using 3-day 24-hour 
dietary recalls obtained during the same period as the first cognitive test. Individual, in-person 
24-hour recalls were conducted over three consecutive days using food pictures to aid 
quantification. Recalls were complemented by measured changes in a weighed household 
inventory of all foods conducted over the same three days, adjusted based on measured or 
estimated waste related to preparation, edible portion, spoilage, uneaten, or discarded items.
84
 
The health benefits of fish consumption may vary depending on the type of fish and 
culinary methods. In comparison to fatty fish, shellfish may contain somewhat lower 
concentrations of certain ω3 PUFAs, while also containing chemicals that may offset cognitive 
 19 
and other health benefits.
85-87
 Preserved fish, a common culinary method in southern China, is 
high in salt and may also contain high concentrations of chemicals hazardous to health.
19,20
 
Therefore consumption of fish was evaluated in several ways in our study: 1) all fish and 
shellfish, fresh and preserved, referred to as “total fish”; 2) fish and shellfish, fresh only; 3) fish 
only, fresh or preserved; 4) fresh fish only. We were not able to analyze intakes of shellfish or 
preserved fish separately because they were infrequent in these data, 5% and 7% respectively. 
Two liang (the Chinese unit for weight) or 100g is a typical serving for meat and fish in China. 
Based on the traditional Chinese consumption and the distribution of fish intake, we categorized 
participants into two groups: less than one 100g serving of fish per week (referent group) vs. one 
or more per week for our primary analyses.  
 
Cognitive function assessment   
The cognitive screening items administered in CHNS comprised a subset of the items 
from the Telephone Interview for Cognitive Status –modified (TICS-m),88,89 and have been used 
in population based studies in the U.S.,
90
 and non-English speaking populations including 
Chinese.
91,92
 The cognitive screening included immediate and delayed recall of a 10-word list, 
counting backward from 20, serial 7 subtraction, and orientation. Higher scores on all items 
indicate better performance. Scores for both immediate and delayed recall ranged from 0 to 10. 
Counting backward and serial 7’s were used to evaluate attention and calculation ability, with 
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scores ranging from 0 to 7. Orientation was assessed by asking the respondent the current date (1 
point each for year, month and date), and to name the tool usually used to cut paper (1 point). 
 
 
Covariates  
All covariates were collected at the time of the first cognitive measure. Demographic and 
socioeconomic covariates included age, gender, region (south/north), urbanization index (a 
multicomponent continuous scale),
93
 education (highest level of education attained primary vs. 
less), and annual household income per capita (inflated to 2011, ≥5,000 yuan vs. less).  Physical 
activity was self-reported based on hours per week spent in different occupational, household, 
transportation and leisure-time activities,
94
 which were converted into metabolic equivalent 
(MET)-hours per week and included in the model as tertiles. Other life-style factors included 
current alcohol use (yes/no) and current smoking (yes/no). Nondietary variables included in the 
sensitivity analysis included body mass index (BMI, calculated by measured weight and height), 
measured waist circumference, hypertension (measured mean SBP/DBP ≥140/90 mm Hg or self-
report of anti-hypertension medications), history of diabetes (self-report), history of stroke (self-
report) and history of myocardial infarction (MI, self-report).  
 
Statistical analysis 
The primary outcome was a global cognitive score, which was the sum of the scores of 
all test items, ranging from 0 to 31 points. Characteristics of participants by frequency of total 
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fish intake were compared using t-tests for continuous variables, and chi-square tests for 
categorical variables. We carried out linear mixed-effects models using the XTMIXED 
procedure in STATA (version 11.2; STATA Corp LP)
95
 to assess the relationship between fish 
consumption and rate of cognitive change over time, where the continuous outcome measure was 
modeled as a function of fixed effects while individual subject parameters were modeled as 
random effects. Both the intercept and slope were fitted with random-effects components to 
account for inter-individual differences in baseline cognitive function and rate of change.
96
 A p-
value of <0.05 was used to define statistical significance for main effects.  
Our basic multivariable-adjusted model (model 1) included: mean-centered age, gender, 
region, urbanization index, education, annual household income per capita, total energy intake, 
time, and interaction between time and all covariates. A positive coefficient for the fish intake X 
time interaction suggests that more consumption was associated with a slower rate of decline in 
cognitive function. In model 2, we additionally adjusted for life-style and dietary confounders 
including physical activity, current alcohol use, current smoking, consumption of fresh 
vegetables, fruit consumer, fresh legumes consumer, high-fat meat, and time interactions with 
the above covariates. To determine if the association was independent of overall eating patterns, 
we further adjusted in model 3 for two dietary patterns, a wheat-based diverse diet  and a 
rice/pork pattern, derived based on the results from exploratory factor analysis using orthogonal 
rotation (data not shown).  
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Based on results from stratified analyses using 5y age group categories (55-59, 60-64, 65-
69, 70+ years), we also evaluated whether the association between fish intake and cognitive 
decline was modified by one key factor, age, defining statistical significance as p<0.1. The 
stratified model indicated results similar to inconsistencies in previous studies on fish and 
cognition, some of which found weaker results when populations included relatively younger vs. 
older age groups.
81,97
 
Multiple sensitivity analyses were conducted. First, based on model 2 of the primary 
analysis we additionally adjusted for dietary antioxidant intake including vitamin E and C 
intakes. Second, we repeated our primary analysis adjusting for BMI, waist circumference, and 
hypertension, both of which may be considered to be either confounders or mediators on the 
causal pathway between fish intake and cognitive decline. Separately, we tested if the association 
between fish intake and cognitive decline was modified by hypertension or weight status. 
Although diabetes was self-reported, which underestimated the presence of diabetes in our 
sample,
98
 we estimated the association by excluding adults with a reported history of diabetes. In 
addition, we excluded adults with a self-reported history of stroke or MI. 
We also repeated the primary analyses removing those with the lowest 10% baseline 
cognitive scores to assess whether the finding remained the same when those who may be 
categorized as having cognitive impairment at baseline were excluded. Furthermore, we 
accounted for the potential clustering effect of individuals within the same household as 28% of 
participants shared a residence. Finally, we conducted propensity score nearest neighbor 
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matching to further ensure the comparability between fish consumers ≥1 serving/week and those 
who did not, and repeated the primary analysis among matched sample.
99-101
  
In a secondary analysis, since the global score emphasizes memory more than other 
domains, we constructed a composite score, measured in standardized units [SU], as an 
alternative global cognitive measure by averaging z-scores for memory items and the other items 
assessing attention, calculation and orientation. We also evaluated the association between fish 
consumption and change in memory scores (SU) including immediate recall, delayed recall, and 
combined immediate and delayed recall. Outcomes in the secondary analysis were all 
standardized (z scores) to allow direct comparisons both within this study and with other studies.  
 
Results 
Characteristics of eligible participants who completed the cognitive tests at least twice 
(n=1677) and those who did not (n=1623) were compared (Supplemental Table 3.1). No 
significant differences were found regarding gender, education, household income, BMI, or fish 
consumption, but those who did not complete at least two assessments were 2.8 years older, and 
were more likely to live in North.  
Among 1566 participants in the analysis sample, compared with persons who consumed 
fish <1 serving/week, those who consumed ≥1 serving/week did not appreciably differ in age, 
gender, smoking, or alcohol use; they were more likely to reside in southern China, to have 
completed education beyond primary school, and to have a higher household income, a higher 
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urbanization index, lower levels of physical activity, and a higher BMI. They also had higher 
total caloric intake, a higher prevalence of fruit consumption, and more high-fat meat 
consumption (Table 3.1). Since age significantly modified the association between fish intake 
and cognitive decline (p=0.007), we stratified all subsequent analysis by age 55-64 years at the 
first cognitive measure, and ≥65 years, based on results from analyses stratified using 5-year age 
group categories. Characteristics of more vs. less frequent fish consumers within each age 
subgroup were similar to those for the overall sample, with the exception of a difference in 
legume consumption limited to those aged <65, and no difference in total caloric intake 
associated with fish intake among those ≥65. 
The mean follow-up among the 1566 older adults in the analysis sample was 5.3y. At 
baseline, the mean ± SD global cognitive score was 19.0 ± 5.9 points. The mean annual rate of 
cognitive change was a decline of 0.40 points. After stratifying by age, among participants ≥65 
years, the rate of cognitive decline was consistently slower for those who consumed at least 1 
serving of fish per week (Table 3.2). In model 1 which adjusted for demographic and 
socioeconomic covariates, total fish intake ≥1 serving/week was associated with lower rate of 
cognitive decline by 0.37 points (95% CI, 0.15-0.59; p=0.001). The rate difference was slightly 
attenuated in model 2 after further adjusting for multiple life-style and dietary components 
hypothesized to influence cognitive health: comparing those consuming fish ≥1 vs. <1 
serving/week, the mean rate of global cognitive decline was reduced by 0.35 points per year 
(95% CI, 0.13-0.58; p=0.002; Figure 3.1), which is equivalent to the disparity associated with 
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being 1.6y younger in age. This observation was not materially altered after adjusting for dietary 
patterns in model 3. 
Removing shellfish and/or preserved fish from the total fish did not appreciably alter the 
results (Supplemental Table 3.2). For example, for individuals who consumed fresh fish at least 
weekly, the rate of cognitive decline among adults 65+ was slower by 0.32 points per year (95% 
CI, 0.10-0.55; p=0.005). The fish-cognitive decline association was not significant among adults 
less than 65 years. 
Supplementary analyses using a number of alternative approaches had no meaningful 
effect, including the following: adjusting for vitamin E and C intakes; adjusting for waist 
circumference, BMI, hypertension; removing those with the lowest 10% baseline cognitive 
scores; accounting for the potential non-independence of data for participants shared a residence; 
or using propensity score matching (Supplemental Table 3.3). Excluding those with self-reported 
diabetes, stroke and MI strengthened the association of total fish and change of global cognitive 
scores (0.41 points [95% CI, 0.17-0.64; p=0.001]).   
Since memory tests contribute disproportionately to points in the cognitive global score, 
in our secondary analysis we constructed an alternative score based on composite z-scores for 
tests. Results were very similar to the primary analysis: that is, slower cognitive decline among 
adults aged 65 years and older who consumed fish at least weekly (Table 3.3). The rate of verbal 
memory score decline among infrequent consumers was 2.5 times faster than those consuming 
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fish ≥1 serving/week. Similar results applied for immediate and delayed recall. No rate 
difference was found for any cognitive test items for adults below age 65.  
 
Discussion 
In this large prospective cohort study, we have shown in a Chinese population that 
consuming at least one serving per week of fish may reduce the rate of cognitive decline for 
individuals 65 years and older, independent of a wide array of non-dietary and dietary factors. 
For adults aged 55 to 64 years, we did not find such an association.   
Comparisons of our results with previous literature suggest that some of the heterogeneity 
in literature on this topic may be related to disparities in population characteristics such as the 
proportion of non-consumers, and the age range over which cognitive changes are being 
assessed. Like our findings, both the Zutphen study and the Chicago Health and Aging Project 
reported associations between consuming fish once or more per week over about 5y of follow-up 
in populations with adults aged at least 65 years at enrollment, compared to non-consumers.
78,79
 
In contrast, higher fish consumption was not associated with cognitive change in the Veterans 
Affairs Normative Aging Study, a study with few nonconsumers (0.2 serving/week in the lowest 
quartile), a wide variation in baseline age (approximately 50-85y), and substantial loss to follow-
up.
81
 Consuming tuna and dark-meat fish (≈50% non-consumers) at least once per week was 
associated with slower verbal memory decline after 4 years follow-up in the Women’s Health 
Study, with participants ≥65 years ar enrollment.80 There was little evidence of added benefit of 
 27 
further increasing intake. However, there was no association between cognitive decline and total 
seafood intake, including light-meat fish and shellfish, which contrasts with our finding of a 
relationship with intakes of predominantly lean fish.  The most commonly consumed fish types 
in Chinese older adults are fresh-water fish, which include silver carp, grass carp, and goldfish 
carp as reported in CHNS data. These species are typically lower in ω-3 content than marine 
fatty fish.
21
 Our findings indicate that the potential benefits of fish consumption for cognitive 
health could be applied to the Chinese population where the fish types consumed differ from 
those in Western countries.  
Our findings of a null association for adults aged 55 to 64 were not directly reported in 
previous literature. Such null findings do not necessarily indicate that there is no cognitive 
benefit of fish consumption at younger ages, considering that the window for accruing cognitive 
benefits may occur over a long period, and that there may be diminished ability to detect 
associations at younger ages, when the rate of cognitive decline is relatively slower as observed 
in our study and others.
102,103
  
Like studies on age-related cognitive decline, the evidence relating fish consumption and 
the risk of cognitive impairment or dementia has also been limited and inconsistent. Some 
studies have found an inverse association between fatty fish intake and prevalence of cognitive 
impairment among adults aged 56-61,
104
 or between fish intake and risk of dementia among 
elderly.
105
 However, other studies have found weak or no association,
97,106
 or associations 
observed only among those without the APOE Ɛ4 high-risk allele.107,108  
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ω3 PUFAs such as docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) found 
in high concentrations in fish, have been hypothesized to be beneficial for cognitive health in 
part through reducing inflammation and oxidative stress in the central nervous system.
2,3
 A meta-
analysis suggests that findings from observational studies support a role of ω3 PUFAs in the 
prevention of cognitive decline, but perhaps not in the prevention or treatment of dementia.
109
 A 
recent functional magnetic resonance imaging study suggested that supplementation with EPA, 
found in relatively high concentrations in shellfish and lean fish as well as in fatty fish, may be 
more effective than DHA (which tends to be concentrated in fatty fish) at improving 
neurocognitive function in young adults.
110
 Recent longitudinal structural magnetic resonance 
imaging studies supported that circulating ω3 PUFAs,111,112 or supplementation with these 
nutrients, 
113
 may also improve the aging brain in older adults. However, the benefits of fish 
consumption for cognitive health might be due to the interplay of a number of nutrients in fish 
beyond these fatty acids, such as vitamin D and B-complex vitamins, trace elements such as 
magnesium and selenium, and essential amino acids like arginine and taurine.
76,77
 In fact, the 
largely contradictory results from randomized clinical trials on supplementation with ω3 PUFAs 
and cognitive change on AD in healthy elderly,
15,113,114
 patients with mild cognitive 
impairment,
115
 or mild AD
17,116
 may suggest that nutrients from fish which may influence 
cognitive health are not limited to ω3 PUFAs alone.  
Major strengths of this study include the use of longitudinal data, the use of two scoring 
methods to evaluate overall cognitive function, and the use of multiple analytic models which 
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increased our confidence in the robustness of the findings. The population-based sample from 
CHNS impart the ability to generalize the results to the Chinese population.  
Limitations of the current study should also be considered. First, although a wide array of 
covariates were found to have little effect, measures of potential confounders such as depression 
were not available, and some residual confounding is possible. Second, the cognitive screening 
items adopted in CHNS were relatively narrow in the scope of cognitive assessments and may 
not be sensitive enough to detect change in the younger age group. Besides, use of a limited 
number of 24-hour recalls did not allow us to evaluate in greater detail the dose-response 
association of fish intake and cognitive decline. The use of 24-hour recalls likely increased 
random measurement error in the estimate of fish consumption, which could attenuate 
associations.
117-119
 However, 24-hour recalls supplemented with measured changes in household 
food inventories offers additional benefits in this older population because it is less reliant on 
memory or cognitive abilities than a food frequency questionnaire.
120
  
In conclusion, the current study supports a favorable role of fish consumption in deterring 
cognitive decline. At least 1 serving per week of fish (i.e. 100g) predicted slower cognitive 
decline among Chinese adults age 65 years and older. Future studies should evaluate more 
precisely whether the beneficial factors are related to particular types of fish or specific nutrients.
  
Tables and Figures 
Table 3.1. Baseline characteristics of participants in the CHNS by frequency of total fish consumption
1-3
 
 Among all 
(n=1566) 
Age at entry<65 
(n=968) 
Age at entry≥65 
(n=598) 
Characteristics  <1 
serving/wk 
≥1 
serving/wk 
P 
value 
<1 
serving/wk 
≥1 
serving/wk 
P 
value 
<1 
serving/wk 
≥1 
serving/wk 
P 
 value 
No. of subjects (%)  1003(64.0) 563(36.0)  625(64.6) 343(35.4)  378(63.2) 220(36.8)  
Fish servings per week  0.0±0.1 4.2±2.7  0.0±0.1 4.3±2.9  0.0±0.1 4.1±2.5  
Baseline global cognitive score, points, 
max.31 
19.0±5.9 19.9±5.4 0.002 19.8±5.6 21.1±4.9 0.001 17.5±6.1 18.1±5.9 0.29 
Age, y 63.2±6.5 63.7±7.0 0.19 59.0±2.9 59.1±2.9 0.68 70.2±4.4 70.9±5.0 0.10 
Women, % 49.9 50.1 0.93 50.2 50.4 0.95 49.2 49.5 0.94 
North region, % 38.1 46.2 <0.001 38.6 24.2 <0.001 38.4 22.7 <0.001 
Urbanization index 54.5±18.5 65.2±16.1 <0.001 53.0±18.6 63.9±16.6 <0.001 57.3±18.1 67.2±15.2 <0.001 
Graduated from primary or above, % 42.6 53.8 <0.001 50.1 62.4 <0.001 30.2 40.5 0.01 
Household income per capita  
≥5000 yuan/y, % 
30.8 46.2 <0.001 34.9 49.6 <0.001 24.1 40.9 <0.001 
Current smoking, % 32.5 28.9 0.13 35.5 30.6 0.12 27.5 26.0 0.67 
Current alcohol use, % 35.2 32.0 0.18  38.1 32.9 0.11 30.7 30.5 0.95 
Physical activity, MET-hrs/wk           
low 31.1 37.3 <0.001 20.3 27.4 <0.001 48.9 52.7 0.002 
medium 29.5 40.1 -- 31.3 44.0 -- 26.5 34.1 -- 
high 39.4 22.6 -- 48.3 28.6 -- 24.6 13.2 -- 
Hypertension, % 38.8 42.8 0.13 32.2 36.4 0.20 49.4 52.9 0.43 
Body mass index, kg/m
2
 22.5±3.5 23.4±3.6 <0.001 22.6±3.3 23.5±3.3 <0.001 22.4±3.7 23.2±4.1 0.01 
Total caloric intake, kcal 1432±516 1510±519 0.004 1483±507 1575±537 0.008 1348±520 1409±473 0.15 
Vegetable consumption, g/d  178±108 185±96 0.23 187± 106 199±102 0.06 164±109 161±81 0.69 
Fruit consumer, % 12.5 19.5 <0.001 12.6 20.4 0.001 12.2 18.2 0.04 
Fresh legume consumer, % 37.9 41.0 0.22 36.5 44.0 0.02 40.2 36.4 0.35 
High-fat meat intake >2 servings/week, % 43.6 61.5 <0.001 42.6 60.6 <0.001 45.2 62.7 <0.001 
1 
Values are mean ± SD unless otherwise noted. MET, metabolic equivalent. 
2 
Independent sample t-tests for continuous variables and chi-square tests for categorical variables. 
3 For hypertension and body mass index, n=1468; for age≥65, n=564.  
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Table 3.2. Mean difference in rate of change in global cognitive score comparing fish intake ≥1 serving/wk vs. <1 serving/wk1-6 
 All participants 
(n=1566) 
Age at entry<65 
(n=968) 
Age at entry≥65 
(n=598) 
Mean annual change (points/year) 
 -0.40 -0.34 -0.49 
 β (95% CI) P value β (95% CI) P value β (95% CI) P value 
Fish and shellfish, fresh and preserved (“total fish”) 
Model 1  0.12 (-0.01, 0.26) 0.07 -0.04 (-0.20, 0.13) 0.67 0.37 (0.15, 0.59) 0.001 
Model 2  0.12 (-0.01, 0.25) 0.07 -0.04 (-0.20, 0.13) 0.67 0.35 (0.13, 0.58) 0.002 
Model 3 0.11 (-0.03, 0.24) 0.11 -0.06  (-0.22, 0.11) 0.52 0.34 (0.11, 0.56) 0.004 
Fish, fresh only (“fresh fish”) 
Model 1 0.15 (0.01, 0.28) 0.03 0.01 (-0.16, 0.18) 0.90 0.35 (0.12, 0.57) 0.002 
Model 2 0.15 (0.01, 0.28) 0.03 0.01 (-0.16, 0.18) 0.89 0.32 (0.10, 0.55) 0.005 
Model 3 0.14 (0.00, 0.27) 0.05 0.00 (-0.17, 0.17) 0.99 0.30 (0.07, 0.53) 0.009 
1
 Age significantly modified the association between fish intake and change in global cognitive scores (total fish in model 2, p=0.007). 
2
 Global score combined results of immediate recall of a 10-word list, delayed recall of a 10-word list, counting backward from 20, serial 7 subtraction, and 
orientation. 
3
 Model 1 adjusted for mean-centered age, gender, region (south/north), urbanization index, education (graduated from primary/less), annual household income 
per capita (≥5,000 yuan/less), and total energy intake, time (year since baseline), and time interactions with each covariate.  
4
 Model 2 adjusted for model 1 covariates plus for lifestyle factors and multiple dietary confounders including physical activity (tertile), current alcohol use 
(yes/no), current smoking (yes/no), fresh vegetable intake (tertiles), fruit consumer (yes/no), fresh legume consumer (yes/no), high-fat meat (>2 servings per 
week/less), and time interactions with each covariate. 
5
 Model 3 adjusted for model 2 covariates and for two dietary patterns with their time interactions.  
6 A positive β coefficient indicates slower rate of decline in cognitive performance. 
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Table 3.3. Mean difference in rate of change in composite cognitive score and in memory test scores comparing total fish 
intake ≥1 serving/wk vs. <1 serving/wk1-3 
 All 
(n=1566) 
Age at entry<65 
(n= 968) 
Age at entry≥65 
(n=598) 
Test score in standardized 
units  
Mean annual 
change, SU/y 
β P  Mean annual 
change, SU/y 
β P   Mean annual 
change, SU/y 
β P 
Composite scores
4
 -0.061 0.018 
(-0.001, 0.038) 
0.06 -0.052 -0.005 
(-0.029, 0.019) 
0.67 -0.077 0.053 
(0.020, 0.087) 
0.002 
Verbal memory scores
5
 -0.054 0.017 
(-0.006, 0.040) 
0.15 -0.049 -0.006 
(-0.035, 0.024) 
0.71 -0.063 0.051 
(0.013, 0.088) 
0.008 
Immediate 10-word recall  -0.049 0.020 
(-0.003, 0.043) 
0.10 -0.044 0.001 
(-0.029, 0.030) 
0.97 -0.058 0.046 
(0.007, 0.085) 
0.020 
Delayed 10-word recall  -0.053 0.013 
(-0.010, 0.036) 
0.28 -0.049 -0.011 
(-0.041, 0.020) 
0.49 -0.060 0.050 
(0.013, 0.087) 
0.008 
1
 Age significantly modified the association between fish intake and change in global cognitive scores (total fish in model 2, p=0.007). SU, standard unit 
2
 Model was adjusted for model 2 covariates as in primary analysis, which include mean-centered age, gender, region (south/north), urbanization index, education 
(graduated from primary/less), annual household income per capita (≥5,000 yuan/less), total energy intake, time, physical activity (tertile), current alcohol use 
(yes/no), current smoking (yes/no), consumption of fresh vegetable intake (tertiles), fruit consumer (yes/no), fresh legume consumer (yes/no), high-fat meat (>2 
servings per week/less) and time interactions with each covariate. 
3 A positive β coefficient indicates slower rate of decline in cognitive performance. 
4
 Composite scores were computed by averaging baseline z scores of memory scores and the rest of the cognitive scores. 
5
 Verbal memory score combined results of immediate and delayed recall of a 10-word list. 
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Supplemental Table 3.1. Baseline characteristics comparing responded participants who completed at least two waves of 
cognitive tests and those completed only one-time assessment of cognitive function
1
 
Characteristics Only one-wave cognitive 
test 
(n=731)
2
 
At least two-waves 
completer  
(n=1677)
2
 
P value 
Age, y, mean ± SD 66.3±9.1 63.5±6.7 <0.001 
Women, % 52.2 50.2 0.36 
North, % 39.7 33.7 0.01 
Graduated from primary or above, % 46.5 46.3 0.92 
Household income per capita ≥5000 yuan/y, % 36.3 36.0 0.88 
Body mass index, kg/m
2
, mean ± SD 22.8±3.9 22.8±3.6 0.82 
Fish consumer, % 39.3 38.0 0.57 
1 
One-way analysis of variance for continuous variables and chi-square test for categorical variables.  
2 
Sample size slightly varied due to missing values. 
3
3
 
  
Supplemental Table 3.2. Mean difference in rate of change in global cognitive score comparing fish intake ≥1 serving/wk vs. <1 
serving/wk
1-6
 
 All participants 
(n=1566) 
Age at entry<65 
(n=968) 
Age at entry≥65 
(n=598) 
Mean annual change (points/y) 
 -0.40 -0.34 -0.49 
 β (95% CI) P value β (95% CI) P value β (95% CI) P value 
Fish and shellfish, fresh only 
Model 1  0.14 (0.00, 0.27) 0.04 0.00 (-0.17, 0.17) 0.97 0.34 (0.11, 0.56) 0.003 
Model 2 0.14 (0.00, 0.27) 0.05 0.00 (-0.16, 0.17) 0.96 0.32 (0.10, 0.54)  0.005 
Model 3 0.13 (-0.01, 0.26) 0.07 -0.01 (-0.21, 0.14) 0.91 0.30 (0.07, 0.53) 0.011 
Fish, fresh and preserved 
Model 1 0.14  (0.00, 0.27) 0.04 -0.02 (-0.19, 0.14) 0.79 0.38 (0.16, 0.60) 0.001 
Model 2 0.13 (-0.00, 0.26) 0.05 -0.02 (-0.19, 0.14) 0.78 0.36 (0.14, 0.58) 0.002 
Model 3 0.12 (-0.01, 0.26) 0.08 -0.04 (-0.21, 0.13) 0.64 0.34 (0.12, 0.57) 0.003 
1
 Global score combined results of immediate recall of a 10-word list, delayed recall of a 10-word list, counting backward from 20, 
serial 7 subtraction, and orientation. 
2
 Age significantly modified the association between fish intake and change in global cognitive scores (total fish in model 2, 
p=0.007). 
3
 Model 1 adjusted for mean-centered age, gender, region (south/north), urbanization index, education (graduated from 
primary/less), annual household income per capita (≥5,000 yuan/less), and total energy intake, time (year since baseline), and time 
interactions with each covariate.  
4
 Model 2 adjusted for model 1 covariates plus for lifestyle factors and multiple dietary confounders including physical activity, 
current alcohol use (yes/no), current smoking (yes/no), fresh vegetable intake (tertiles), fruit consumer (yes/no), fresh legume 
consumer (yes/no), high-fat meat (>2 servings per week/less), and time interactions with each covariate. 
5
 Model 3 adjusted for model 2 covariates and for two dietary patterns with their time interactions.  
6 A positive β coefficient indicates slower rate of decline in cognitive performance. 
3
4
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Supplemental Table 3.3. Mean difference in rate of change in global cognitive score 
comparing total fish intake ≥1 serving/wk vs. <1 serving/wk in sensitivity analyses1,2 
 Age at entry<65 Age at entry≥65 
Additionally adjusted for antioxidants including dietary 
vitamin C and E 
  
n 968 598 
 β (95% CI) -0.04 (-0.21, 0.13) 0.33 (0.10, 0.55) 
Additionally adjusted for BMI (linear and squared 
terms), waist circumference, hypertension, and time 
interaction with each covariate based on model 2 as in 
primary analysis
3,4
 
  
n 904 564 
 β (95% CI) -0.04 (-0.22, 0.13) 0.36 (0.12, 0.59) 
Excluding self-reported diabetes, stroke or MI    
n 936 552 
 β (95% CI) -0.03 (-0.19, 0.14) 0.41 (0.17, 0.64) 
Removing the lowest 10% baseline cognitive scores    
n 902 504 
 β (95% CI) 0.08 (-0.09, 0.24) 0.39 (0.16, 0.63) 
Accounting for household clustering effect    
n 968 598 
 β (95% CI) -0.04 (-0.21, 0.13) 0.35 (0.10, 0.61) 
Propensity score matching    
n 632 348 
 β (95% CI) -0.06 (-0.24, 0.13) 0.39 (0.12, 0.67) 
1 
Age significantly modified the association between fish intake and change in global cognitive scores 
(total fish in model 2, p=0.007). BMI, body mass index 
2
 Model 2 as in the primary analysis was used unless otherwise noted. 
3
 BMI, waist circumference or hypertension did not modify the associations (p-interaction: 0.49, 0.58 and 
0.27 respectively) 
4
 Sample size was smaller compared to primary analysis due to missing of BMI, waist circumference or 
hypertension. 
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Figure 3.1.   Linear trajectories of global cognitive scores among participants <65 and  ≥65 
years at entry comparing total fish intake ≥1 serving/wk vs. <1 serving/wk1,2 
 
 
 
1 
Global cognitive score combined results of immediate recall of a 10-word list, delayed recall of 
a 10-word list, counting backward from 20, serial 7 subtraction, and orientation. Results holding 
constant of gender, region (south/north), urbanization index, education (graduated from 
primary/less), annual household income per capita (≥5,000 yuan/less), total energy intake, time, 
physical activity, current alcohol use (yes/no), current smoking (yes/no), consumption of fresh 
vegetables (tertiles), fruit consumer (yes/no), fresh legumes consumer (yes/no), high-fat meat (>2 
servings per week/less), and time interactions with each covariate.  
2
 Age significantly modified the association between fish intake and change in global cognitive 
scores (total fish, p=0.007).
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Chapter 4. Dietary patterns make a difference on the rate of cognitive decline among 
community-dwelling Chinese older adults  
Overview 
Prospective evidence of associations of Mediterranean diet with cognitive decline is 
limited and inconsistent. We aimed to determine how the rate of cognitive decline among 
community-dwelling Chinese older adults relates to either an adapted Mediterranean diet 
(aMeDi) score or factor analysis derived dietary patterns that may better reflect culturally-
relevant diets. This prospective cohort study comprised 1650 adults ≥55 years old who 
completed a cognitive screening test at two or more waves of the China Health and Nutrition 
Survey in 1997, 2000 or 2004, with an average follow-up of 5.3 years (mean [SD] age, 63 [6] 
years at baseline; 50% women). Outcomes were repeated measures of global cognitive scores 
(baseline mean ± SD: 19 ± 6 points), composite cognitive z-scores (standardized units [SU]), and 
and standardized verbal memory scores (SU). Baseline diet was measured by 3-day 24-hour 
recalls. Multivariable-adjusted linear mixed-effects models were used to evaluate how changes in 
cognitive scores were associated with aMeDi score (0-9 points) and two dietary pattern scores 
derived from factor analysis. No significant associations were found among adults <65 years 
(n=1046). Among adults ≥65 years (n=604), compared with participants in the lowest tertile of 
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aMeDi, those in the highest tertile had a slower rate of cognitive decline (difference in mean 
standardized unit [SU] change/year β=0.042; 95% CI, 0.002-0.081), equivalent to the disparity 
associated with 1.6y of age. A wheat-based diverse diet derived by factor analysis shared 
features of the aMeDi such as higher intake of fruit and fish, with the top tertile associated with 
slower annual decline in global cognitive function (β=0.069 SU/year; 95% CI, 0.023-0.114). Our 
findings suggest a potential role of the Mediterranean diet or a wheat-based diverse diet in the 
Chinese population as a modifiable dietary factor to reduce the rate of cognitive decline in later 
life.   
 
Introduction 
The worldwide prevalence of Alzheimer’s disease (AD) is projected to be 106.8 million 
or 1 in 85 by 2050. A modest 1-year delay in AD onset and progression is estimated to reduce 
the disease cases by 9.2 million.
121
 Therefore modifiable lifestyle changes including dietary 
interventions could translate into a great reduction in AD burden.  
Previous studies evaluating risk relations of single foods or nutrients with cognitive 
decline and AD offered inconsistent evidence.
35,122
 Since foods are consumed together in 
complex combinations, evaluating dietary exposures as dietary patterns may allow us to better 
capture the role of diet in cognitive health, since this approach can accommodate the 
multidimensionality of the diet.   
Several mechanisms linking the Mediterranean diet to cognitive health have been 
proposed, including lowering oxidative stress, 
33
 
34
 reducing inflammation, 
28,29
 preventing 
against vascular comorbidity,
123,124
 and protection against cerebrovascular diseases.
125,126
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Although numerous studies have found adherence to the Mediterranean diet to be associated with 
better cognition cross-sectionally, prospective epidemiological evidence from a range of cohorts 
has been limited.
35,122
 Recent evidence based on the Women’s Health Study and the Nurses’ 
Health Study found no associations between adherence to Mediterranean diet and cognitive 
change, 
38,39
 which is inconsistent with the conclusion of a systematic review published around 
the same time. 
127
  
The traditional Mediterranean diet is marked by high intake of vegetables, fruit, legumes, 
nuts, cereals, fish; olive oil as the primary source of monounsaturated fatty acid; and a low intake 
of meat and meat products. The Chinese diet is comparable with the Mediterranean diet in that 
both are characterized by a high intake of plant based foods and a low intake of meats and fat.
128
 
However, it remains unknown whether the benefits of the Mediterranean diet will be observed in 
a non-Western population where the specific types of food, and the lifestyle factor correlates of 
this dietary pattern may be substantially different. Evidence from diverse populations could also 
strengthen evidence supporting a possible etiological role of Mediterranean dietary pattern in 
delaying cognitive decline by reducing concern that associations may reflect residual 
confounding by correlated health behaviors.
35
  
The Mediterranean diet, though defined a priori, may not fully capture culturally-relevant 
dietary patterns which identify foods eaten in combination within the population under study. 
Associations with dietary patterns derived in the study population may be helpful in identifying 
factors not reflected in prescribed dietary scores. Therefore, the current study examined 
prospectively the relation between the Mediterranean diet and dietary patterns derived using 
factor analysis and cognitive decline among a sample of older, community-dwelling Chinese 
men and women.  
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Methods  
Subjects 
The China Health and Nutrition Survey (CHNS) is a prospective ongoing open cohort 
study established in 1989. A multistage, random cluster process was utilized to draw samples 
from nine provinces of China that are substantially different geographically and in economic 
development. The survey methodology has been described elsewhere.
83
  
In 1997, 2000 and 2004, cognitive assessments were conducted among CHNS 
participants who were community dwellers 55 years or older. Data collection also included 
demographic, socioeconomic, lifestyle, physical activity, diet, and health information. Among 
the 2408 adults with at least one wave of measurement (participation rate for a baseline cognitive 
test among eligible CHNS participants 73%), 1677 (70%) had at least two measurement 
occasions of cognitive function. Among them, 1650 had no missing dietary information and were 
included in this study.  
 
 Assessments 
Cognitive function 
The CHNS adopted the cognitive screening items from part of the Telephone Interview 
for Cognitive Status –modified (TICS-m),88,89 which have been used in population based studies 
including the U.S. and Chinese populations.
90,92
 The same cognitive screening test was used in 
the 3 waves of the CHNS among adults at least 55 years old. The test assessed immediate and 
delayed recall of a 10-word list, counting backward from 20, serial 7 subtraction, and orientation. 
Scores for immediate and delayed recall ranged from 0 to 10. Counting backward and serial 7’s 
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were used to assess attention and calculation, with scores ranging from 0 to 7. Orientation was 
assessed by asking the participant the current date (1 point each for year, month and date), and to 
name the tool usually used to cut paper (1 point). Higher scores on all items suggest better 
cognitive performance.  
The outcomes of interest were repeated measures of: 1) the global cognitive score, the 
sum of the scores of all cognitive testing items which ranges from 0 to 31 points; 2) the 
composite z-score (in standardized unit [SU]); and 3) verbal memory score (in SU) which 
combined immediate and delayed 10-word recall. We constructed the composite score as an 
alternative global cognitive measure by averaging z-scores of verbal memory items and the other 
items assessing attention, calculation and orientation. We constructed this score for two reasons, 
first, the global score emphasizes memory more than other domains, and second was to allow 
direct comparison within this study and with other studies.  
 
Dietary assessment and adapted Mediterranean Dietary score 
 Food intakes were estimated based on 3-day 24-hour dietary recalls and were 
complemented by a weighed food inventory at household level over the same days. For all foods 
and condiments, the daily measured changes were allocated to individual intake based on the 
recalls. The dietary information measured at the same period as the first cognitive test was used 
in our study for adapted Mediterranean dietary score and factor analysis. 
We modified the components of the Mediterranean diet scale to adapt to the Chinese food 
culture and the distribution of food intake (see Supplemental Table 4.1 for food examples). We 
defined fiber-rich grains based on the fiber to carbohydrate ratio, where the cutoff point was 
similar to the ratio recommendations to identify fiber-rich whole grains from the American Heart 
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Association.
129
 To replace the positive component of olive oil which was marginally consumed 
in this sample, we defined animal-source cooking fats as a negative component in the adapted 
Mediterranean diet (aMeDi) scale. For each beneficial component, vegetables, legumes and nuts, 
fish, fiber-rich grains, fruits, and dairy products (mainly milk, range: 0-250ml/d),  a value of 1 
was assigned to people who consumed above the sex-specific median or any amount when the 
percentage of consumers did not reach half of the sample. A value of 0 was given otherwise. For 
components presumed to be harmful, which includes red meat and processed meat, animal-
source cooking fats, a value of 1 was given to people who consumed below the sex-specific 
median or were nonconsumers, and 0 otherwise. For alcohol, 1 point was assigned to men whose 
alcohol consumption was 10-50g/d and women 5-25g/d, vs. 0 for the others.
130
 The possible 
range of aMeDi scores was 0 to 9, with higher scores indicating greater adherence. 
 
Principal component analysis: diet patterns 
We used principal component analysis (PCA) to derive underlying dietary patterns 
among all 1650 participants, and to assess whether there was a preexisting consumption pattern 
within the population under study that was similar to Mediterranean dietary patterns. Different 
from aMeDi where food groups were summarized with a disease focus, food items in PCA 
derived dietary patterns were grouped in a nutritionally and behaviorally meaningful way.
131
 
After removing food groups with less than 5% consumers, each of the 34 food and condiment 
groups was categorized as a binary variable (consumer/nonconsumer for food group less than 50% 
of consumers; or above/below median) and included in PCA. We derived dietary patterns based 
on the polychoric correlation matrix and orthogonal varimax rotation in STATA (version 11.2; 
STATA Corp LP).  On the basis of eigenvalue>1.0, scree plot and interpretability, 2 factors were 
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retained (see Supplemental Table 4.2 for food examples and factor loading). The Wheat-based 
Diverse diet (Factor 1) was characterized by high intakes of wheat buns, deep-fried wheat, nuts, 
fruits, moderate-to-high fat red meat, poultry and game, egg, fish, dairy, sugar, vinegar, soy 
sauce, plant oil, and with low intake of animal-source cooking fats; Rice/pork (Factor 2) was 
characterized by high intakes of rice, low fat red meats, low fat pork, moderate-to-high fat pork, 
organ meats, poultry and game, fish, and low intakes of wheat flour, wheat buns, and coarse 
grain. Each participant received a separate score for each individual dietary pattern, with a higher 
score indicating a greater adherence. Since the Wheat-based Diverse diet (pattern 1) shared 
important features of aMeDi including grains, nuts, fruits, fish, dairy, and low consumption of 
animal-source cooking fats, we hypothesized that a higher adherence to the Wheat-based Diverse 
diet would be associated with a slower cognitive decline.      
 
Covariates 
All non-dietary covariates were collected at the time of the first cognitive measure which 
includes age, gender, region (south/north), urbanization index (a multicomponent continuous 
scale),
93
 education (highest level of education attained primary vs. less), annual household 
income per capita (inflated to 2011, ≥5,000 yuan vs. less), current smoking (yes/no), body mass 
index (BMI, calculated by measured weight and height), hypertension (measured mean 
SBP/DBP ≥140/90 mm Hg or self-report of anti-hypertension medications), history of chronic 
diseases including myocardial infarction (MI), stroke or diabetes (self-report). Physical activity 
was self-reported based on hours per week spent in different occupational, household, 
transportation and leisure-time activities, which were converted into metabolic equivalent 
(MET)-hours per week and included in the model as tertiles.
94
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Statistical analysis 
Missing data imputation 
Among 1650 participants, 169 had missing baseline covariates. Multiple imputation was 
used to impute missing covariates, with 5 datasets generated. The estimates from each datasets 
were pooled to generate a single set of estimates following Rubin’s rules.132 All statistical 
analysis was performed by STATA (version 11.2; STATA Corp LP). The statistical significance 
was considered as alpha level of 0.05 (2-tailed), unless otherwise specified.  
 
Sample characteristics  
We classified adherence to aMeDi based on approximate tertiles, with low adherence for 
scores of 0-2, middle adherence with a score 3, and relatively high adherence with scores of 4-9. 
We examined baseline characteristics of participants by aMeDi tertiles. We also compared the 
degree of similarity between aMeDi score and PCA-derived dietary patterns using pairwise 
Pearson correlation tests. 
 
Longitudinal data analysis 
We used linear mixed-effects models to evaluate the relationship between dietary patterns 
and rate of cognitive change over time. To account for inter-individual differences in baseline 
cognitive function and rate of change, the intercept and slope were fitted with random-effects 
components.
96
 The predictors were the aMeDi score as a continuous variable and in tertiles; or 
scores of each PCA-derived dietary pattern in tertiles with trend analysis. 
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Our first mixed-effects model adjusted for age, gender, region, urbanization index, 
education, and annual household income per capita, physical activity, current smoking, total 
energy intake, time, and the interaction between time and all covariates. In model 2, we 
additionally adjusted for body mass index and hypertension, and time interactions with the above 
covariates. A positive beta coefficient between diet X time suggests that a higher dietary score 
was associated with a slower decline of cognitive function.  
We examined whether the relationship between aMeDi or PCA-derived dietary patterns 
and cognitive decline was modified by one key factor, age, defining statistical significance as 
p<0.1. Age interactions have been found in other studies including some evaluating dietary fat 
and cognitive decline,
38,133
  and our previous study assessing fish intake and cognitive decline.  
In sensitivity analyses, first, we excluded participants with the lowest 10% baseline cognitive 
scores who may be categorized as having cognitive impairment. Second, we estimated the 
associations after excluding adults with a self-reported history of diabetes (2.7%), self-reported 
history of myocardial infarction (1.2%) or stroke (1.7%). Moreover, to alleviate concerns related 
to measurement error in using a limited number of dietary recalls to estimate alcohol 
consumption, we created an alternative alcohol component score considering drinking alcohol in 
the past year as beneficial (asked separately from the dietary recall, yes/no) and the alternative 
aMeDi continuous scores were analyzed. Finally, since 28% of participants shared a residence, 
we accounted for the potential non-independence of data where only random intercept was used 
due to lack of convergence using the random intercept and slope. 
To explore how each food group contributes to the relation of MeDi and cognitive health, 
we also estimated the association between each component of aMedi and cognitive change over 
time, as well as the association with the score after removing each component respectively.       
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Results 
Baseline characteristics of participants 
Since age significantly modified the association between aMeDi scores and cognitive 
decline (p=0.01) all subsequent analysis were stratified by age 55-64 at baseline (n=1046), and 
≥65 years (n=604).  Among participants aged ≥65 years in the analysis sample, higher tertiles of 
aMeDi scores was associated with being more likely to be male, to reside in Northern China, to 
have completed education beyond primary school, a higher household income, a higher 
prevalence of hypertension, a higher BMI, more total caloric intake and lower dietary energy 
density; but not associated with age, urbanization index, smoking, and physical activity (Table 
4.1). Characteristics of higher vs lower adherence of aMeDi among those aged <65 years were 
similar to those for age ≥65 years, with the exception of the presence of difference in age and 
urbanization index, and the absence of significant difference in gender, household income, and 
hypertension.  
 
Correlations between aMeDi and PCA-derived dietary patterns 
We identified 2 dietary patterns from PCA, Wheat-based Diverse (pattern 1) and a 
Rice/Pork (pattern 2) which together accounted for 23% of the variance in intakes of the 34 food 
and condiments groups (12% and 11% respectively). The aMeDi score and Wheat-based Diverse 
dietary score were positively correlated (r=0.47, p<0.001). 51% (n=273) of participants in the 
highest tertile of aMeDi were also in the highest tertile of Wheat-based Diverse diet. The 
Rice/Pork and aMeDi score were negatively correlated (r=-0.18, p<0.001). 
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Associations between aMeDi and cognitive decline 
The average follow-up duration among all participants was 5.3 years. In linear mixed-
effects model 1 which adjusted for demographic, socioeconomic and lifestyle factors, a higher 
aMeDi score was associated with slower decline of cognitive function among adults 65+ (Table 
4.2). In model 2 we further adjusted for BMI, hypertension and their interactions with time, both 
of which may be either confounders or mediators on the causal pathway between dietary patterns 
and cognitive decline; results materially remained the same. Among adults 65+: compared to 
those with low adherence of aMeDi, the rate of global cognitive decline with middle level 
adherence and with high adherence was slower by 0.13 points per year (p=0.29) and 0.28 points 
per year (p=0.035) respectively. Similarly, participants in the highest tertile of aMeDi had a 
slower rate of decline in composite scores (β=0.042, p=0.039) and verbal memory scores 
(β=0.047, p=0.037), equivalent to differences observed among subjects 1.6 and 2 years younger 
in age respectively. There was a significant dose-response association between aMeDi scores and 
decline in global scores, composite scores or verbal memory scores (p-continuous =0.027, 0.034, 
0.035).  We did not find any association of aMeDi with cognitive test items for adults below age 
65. Multiple sensitivity analyses did not alter our conclusions (results available upon request). 
We applied the fully-adjusted mixed-effects model to explore the influence of each food 
component that made up the aMeDi scores (Table 4.3). Among adults 65+, the rate of cognitive 
decline was significantly slower by 0.34 points comparing fish consumers (p=0.003) vs. 
nonconsumers. Fruit consumers had a slower rate of cognitive decline by 0.28 points per year of 
borderline significance (p=0.071) vs. nonconsumers. Consumers of animal-source cooking fats 
were significantly associated with faster decline by 0.31 points per year (p=0.011) vs. 
nonconsumers. We did not find any significant relation between consumption of vegetables, 
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legumes, fiber-rich grains, dairy products, red meat or alcohol with cognitive decline after 
multivariable adjustment. The findings by removing each component respectively from aMeDi 
continuous scores also suggested that fish, animal-source cooking fats, and fruits were most 
influential to our results (data not shown). 
 
Associations between PCA-derived dietary patterns and cognitive decline 
Among those 65 years and older, compared to subjects in the lowest tertile of Wheat-
based Diverse diet (pattern 1), the rate of global cognitive decline among those in the highest 
tertile was slower by 0.42 points per year (p=0.006; p-trend= 0.001; Table 4.4); the rate of 
composite score decline for the highest tertile was slower by 0.07 points per year (p=0.003; p-
trend= 0.009), which is equivalent to the mean disparity in scores observed for a 1.7-year 
difference in age. Borderline significant difference was found for the Wheat-based Diverse diet 
and verbal memory change, while no significant relation was found for Rice/Pork (pattern 2) and 
any cognitive outcomes. We did not find any association between PCA derived dietary patterns 
and cognitive decline among adults 55-64, similar to findings for aMeDi.  
 
Discussion 
 This large prospective cohort study is among the first population-based studies to 
examine the association between dietary patterns and cognitive decline in a non-Western 
population. Although the food grouping systems were philosophically different, results were 
similar for the Mediterranean diet and a wheat-based diverse diet. Our results have shown that 
Mediterranean dietary pattern may reduce the rate of cognitive decline among adults 65 years 
and older. A factor analysis derived dietary pattern rich in wheat, fish, fruits, nuts, and dairy, as 
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well as low in animal cooking fats, which we labeled a wheat-based diverse diet, was also 
associated with slower decline of global cognitive function for adults 65+. We did not observe a 
similar significant relationship for adults aged 55 to 64.  
 A systematic review which summarized evidence through January 2012 suggested that 
greater adherence to a Mediterranean diet is associated with slower cognitive decline and a lower 
risk of AD based on results from up to 5 independent cohorts.
127
 The findings from the 
PREDIMED-NAVARRA randomized trial were in line with that, where participants were at 
high vascular risk and Mediterranean diet was promoted and enhanced with virgin olive oil or 
nuts.
134
 Recent observational studies, however, showed inconsistent evidence on the association 
between Mediterranean diet and cognitive function or decline.
38,39,135
 For example, in some 
studies, Mediterranean diet adherence was associated with cognitive status, but not with 
cognitive decline.
39
 The limited number of cohorts, the inconsistent evidence, and concerns 
about potential residual confounding all indicate the need to assess this relationship in other 
populations.  
In contrast to several recent studies, we found the adapted Mediterranean dietary pattern, 
as well as a pattern that shared components of this pattern derived using factor analysis, to be 
associated with slower cognitive decline. Differences in our Mediterranean Diet scale and those 
used in other studies could contribute to these heterogeneous results. The diet consumed by these 
older Chinese adults differed somewhat from dietary intake in previous studies on this topic 
conducted in US and European populations. For example, there was a markedly lower 
percentage of consumers of fruits, dairy products, alcohol, and high intake of legumes in our 
sample. Population differences in consumption patterns could influence the magnitude of 
associations for scores which are characterized by relative differences in intake.  Moreover, 
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consistent results from dietary patterns based on factor analysis support the findings for the 
Mediterranean diet in this sample.   
Another important question was whether all aspects of the Mediterranean diet or selected 
food components confer the observed cognitive benefits. By evaluating individual food item with 
cognitive decline and the influence of removing each food component one at a time, it seems that 
in our sample the benefits of Mediterranean diet mainly come from higher consumption of fish 
and fruit, and lower intake of animal-source cooking fats. Prior evidence regarding effects of 
fruit consumption has been limited and mixed, perhaps in part due to variable levels of intake. 
136-139
 However, most prior studies suggested that higher fish consumption favored better 
cognitive health (detailed findings for this cohort provided elsewhere), and several studies have 
reported higher intake of saturated fatty acids to be associated with faster cognitive decline. 
140-
142
 In our study, nonconsumers of animal source cooking fats were more likely to be the 
consumers of plant oils (p<0.001), the substitution effect deserves further investigation.  
Interestingly, the a posteriori patterns in this population were not distinguished by differences in 
intakes of red meats or vegetables. Analysis of food groups indicated that neither of these groups 
were drivers of the associations observed with the Mediterranean diet score. Supplementary 
analyses (not shown) showed that unlike the weak negative association with total and leafy 
vegetables, nonleafy vegetables—which had greater intake variability—tended to associate with 
a slower rate of cognitive decline, although associations did not reach significance. These 
findings highlight the potential contribution of comparative analyses of the type implemented 
here to gain further insights on the dietary components that may underlie links between diet 
patterns and health outcomes in different populations.   
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 Our observation that the association between greater adherence to the aMeDi and reduced 
rate of cognitive decline was evident among adults aged 65 and older but not among younger 
participants might reflect that for accruing cognitive benefits, long-term exposure to a healthier 
diet is needed.  It is also possible that the relatively narrow scope of cognitive screening items 
adopted in CHNS may not be sensitive enough to detect associations in a younger age group in 
which the rate of cognitive decline is relatively slow, as observed in our study and others.
102,103
      
  Another weakness of the current study applies to all observational studies, namely that 
some residual confounding is possible despite adjusting for a wide array of covariates. Besides, 
compared to food frequency questionnaire, the use of 3-day 24-hour dietary recalls supplemented 
with measured household food inventories limited our ability to estimate usual intake of foods 
that are episodically consumed. However, this method could provide more valid intake estimates, 
particularly in this older population since it is less reliant on memory and cognitive abilities.  
 In conclusion, results from this population-based sample suggested that Mediterranean 
dietary pattern was associated with a slower cognitive decline among community-dwelling 
Chinese adults 65 years and older. Fish, fruits, and lower intake of animal-source cooking fats 
may be primarily responsible for the observed associations. Similar global cognitive benefits 
were observed to be associated with a preexisting dietary pattern in this sample, characterized by 
food components similar to those in Mediterranean diet. Further study, including randomized 
clinical trials, are needed to confirm this finding, and to understand whether any benefits are 
derived from the complete combination of foods in the Mediterranean diet or from selected food 
components or nutrients.
  
Tables  
Table 4.1 . Baseline characteristics of participants by tertile of aMeDi score1 
 Among all 
(n=1650) 
 Age at entry<65 
(n=1046) 
 
 
Age at entry≥65 
(n=604) 
Characteristics  Low Middle High P for 
trend    
 Low Middle High P for 
trend    
 Low Middle High P for 
trend    
No. of subjects   538   538   574   327 330 389   211 208 185  
Age, y 64.0 63.6 62.9 0.007  59.5 59.2 59.0 0.021  70.9 70.6 71.1 0.68 
Women, % 51.7 52.0 47.0 0.12  50.2 52.7 48.6 0.64  54.0 51.0 43.8 0.04 
North region, % 25.1 35.1 40.4 <0.001  27.8 35.2 36.8 0.01  20.9 35.1 48.1 <0.001 
Urbanisation index 57.1 58.5 60.3 0.004  54.8 57.3 59.1 0.002  60.7 60.4 62.8 0.28 
Graduated from primary or 
above, % 
40.9 43.5 54.6 <0.001  47.2 53.6 60.6 <0.001  31.1 27.5 41.9 0.03 
Household income per capita 
≥5000yuan/yr, % 
30.3 36.6 41.3 <0.001  37.4 41.3 42.0 0.23  19.2 29.0 39.9 <0.001 
Current smoking, % 32.9 29.6 30.4 0.37  37.0 32.4 31.7 0.14  26.5 25.0 27.6 0.83 
Physical activity, %               
low 33.1 34.6 33.0 0.24  21.9 24.2 23.0 0.10  50.4 51.2 54.1 0.33 
medium 32.5 31.5 36.3 --  34.7 33.6 39.3 --  29.0 28.1 29.9 -- 
high 34.5 33.9 30.7 --  43.4 42.2 37.7 --  20.6 20.8 16.0 -- 
Hypertension, % 38.8 41.1 42.5 0.23  35.7 33.0 37.0 0.70  43.6 54.0 54.3 0.04 
Body mass index, kg/m
2
 22.2 22.7 23.5 <0.001  22.5 22.7 23.5 <0.001  21.7 22.6 23.7 <0.001 
Height, cm 156.4 158.0 159.8 <0.001  157.6 158.5 159.7 <0.001  154.7 157.2 160.0 <0.001 
Total caloric intake, kcal 1361.6 1412.4 1583.3 <0.001  1389.8 1482.9 1618.7 <0.001  1318.0 1300.6 1509.0 <0.001 
Dietary energy density, kcal/g 2.3 2.1 1.9 <0.001  2.3 2.1 1.9 <0.001  2.3 2.1 2.0 <0.001 
1 
Values are mean unless otherwise noted. 
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Table 4.2. Mean difference in rate of change in cognitive function over 5 years by tertile of 
aMeDi scores and an increase of 1 point of aMeDi score 
1-4 
 All participants 
(n=1650) 
 
 
Age at entry<65 
(n=1046) 
 
 
Age at entry≥65 
(n=604) 
Global scores     
Mean annual change (points/y) -0.41  -0.34  -0.53 
  β (95% CI)  β (95% CI)   β (95% CI) 
Model 1 Low  0    0    0   
 Medium   0.07 (-0.08, 0.21)   0.05 (-0.13, 0.23)   0.12 (-0.12, 0.37) 
 High   0.01 (-0.14, 0.16)  -0.12 (-0.29, 0.06)     0.30 (0.04, 0.56)* 
 Medi score (0-9) 0.01 (-0.04, 0.06)  -0.03 (-0.09, 0.03)  0.10 (0.01, 0.18)* 
Model 2 Low  0    0    0   
 Medium   0.07 (-0.08, 0.21)  0.05 (-0.13, 0.23)   0.13 (-0.11, 0.38) 
 High   0.00 (-0.14, 0.15)  -0.12 (-0.30, 0.06)     0.28 (0.02, 0.54)* 
 Medi score (0-9) 0.01 (-0.04, 0.06)  -0.03 (-0.09, 0.03)  0.10 (0.01, 0.18)* 
Composite scores     
 Mean annual change (SUs/y) -0.063  -0.052  -0.084 
Model 1
 
 Low  0   0   0  
 Medium   0.011 (-0.010, 0.032)  0.010 (-0.015, 0.035)  0.017 (-0.020, 0.054)  
 High   0.004 (-0.017, 0.025)  -0.013 (-0.038, 0.013)  0.043 (0.004, 0.083)* 
 Medi score (0-9) 0.003 (-0.004, 0.010)  -0.003 (-0.011, 0.006)  0.014 (0.001, 0.027)* 
Model 2
 
 Low  0   0   0  
 Medium   0.011 (-0.010, 0.032)  0.010 (-0.016, 0.035)  0.018 (-0.019, 0.056)  
 High   0.003 (-0.018, 0.024)  -0.013 (-0.039, 0.012)  0.042 (0.002, 0.081)* 
 Medi score (0-9) 0.002 (-0.005, 0.009)  -0.003 (-0.011, 0.006)  0.014 (0.001, 0.027)* 
Verbal memory scores     
Mean annual change (SUs/y) -0.055  -0.048  -0.068 
Model 1
 
 Low  0    0    0   
 Medium   0.008 (-0.018, 0.034)  0.001 (-0.031, 0.033)  0.022 (-0.020, 0.064) 
 High   -0.004 (-0.030, 0.022)  -0.029 (-0.062, 0.004)  0.047 (0.003, 0.091)* 
 Medi score (0-9) 0.000 (-0.008, 0.009)  -0.007 (-0.018, 0.004)  0.015 (0.001, 0.030)* 
Model 2
 
 Low  0   0   0 
 Medium   0.008 (-0.018, 0.033)  0.002 (-0.031, 0.034)  0.024 (-0.018, 0.066) 
 High   -0.004 (-0.031, 0.022)  -0.029 (-0.062, 0.004)  0.047 (0.003, 0.091)* 
 Medi score (0-9) 0.000 (-0.009, 0.009)  -0.008 (-0.019, 0.003)  0.016 (0.001, 0.030)* 
1  
Age significantly modified the association between aMeDi and change in global cognitive scores (p=0.01). aMeDi, 
adapted Mediterranean diet. 
2  
Model 1 adjusted for age, gender, region (south/north), urbanization index, education (graduated from 
primary/less), annual household income per capita (≥5,000 yuan/less), total energy intake, physical activity 
(tertile), current smoking (yes/no), time (year since baseline), and time interactions with each covariate.  
3 
Model 2 adjusted for model 1 covariates plus for body mass index (linear and squared terms) and hypertension, and 
time interactions with each covariate. 
4
 A positive β coefficient indicates slower rate of decline in cognitive performance. p<0.05 were highlighted by 
asterisk (*). 
  
 
Table 4.3. Mean difference in rate of change in global cognitive scores of each food group in aMeDi 1-4 
    Adjusted mean difference (95% CI) 
  Median or 
percentage as 
specified 
Comparison group vs. 
reference group Scoring criteria 
All           
(n=1650) 
Age at entry<65     
(n= 1046) 
Age at entry≥65 
(n=604) 
Vegetables 231g/d for male; 
210g/d for female 
Above sex-specific median 
vs. less 
1 point for 
comparison group; 
0 otherwise 
-0.09 (-0.21, 0.04)  -0.09 (-0.24, 0.06) -0.11 (-0.33, 0.10) 
Legumes and 
nuts   
42g/d for male; 
40g/d for female 
Above sex-specific median  
vs. less 
Same as above -0.05 (-0.18, 0.07)  0.00 (-0.15, 0.15) -0.14 (-0.35, 0.08) 
Fish   38% consumer Consumer  vs. non-consumer Same as above 0.10 (-0.03, 0.23)  -0.03 (-0.19, 0.12) 0.34 (0.11, 0.56)* 
Fiber-rich 
grains   
18% consumer  Consumer  vs. non-consumer Same as above -0.08 (-0.25, 0.09)  -0.12 (-0.33, 0.88) 0.02 (-0.27, 0.31) 
Dairy products  5% consumer Consumer  vs. non-consumer Same as above 0.10 (-0.20, 0.40) 0.01 (-0.36, 0.37) 0.22 (-0.29, 0.74) 
Fruits   15% consumer Consumer  vs. non-consumer Same as above 0.12 (-0.05, 0.29)  0.03 (-0.17, 0.23) 0.28 (-0.024, 0.59) 
Alcohol  6% with low-to-
moderate 
consumption  
10-50g/day for men and 5-
25g/day for women  vs. other 
Same as above 0.10 (-0.16, 0.36) 0.05 (-0.27, 0.38) 0.25 (-0.20, 0.71) 
Red meat and 
processed meat   
50g/d for male; 
47g/d for female 
Above sex-specific median 
vs less   
0 point for 
comparison group; 
1 otherwise 
0.03 (-0.10, 0.17) 0.08 (-0.08, 0.25) 
 
-0.05 (-0.28, 0.18) 
Animal-source 
cooking fats 
27% consumer Consumer vs. non-consumer   Same as above -0.13 (-0.27, 0.01) -0.05 (-0.22, 0.12) -0.31 (-0.55, -0.07)* 
1 
Age significantly modified the association between Mediterranean diet score and change in global cognitive scores (p=0.01). aMeDi, adapted Mediterranean 
diet. 
2 
Model was adjusted for age, gender, region (south/north),  urbanisation index, education (graduated from primary/less), annual household income per capita 
(≥5,000 yuan/less), total energy intake, time, physical activity (tertile), current smoking (yes/no), body mass index (linear and squared terms) and hypertension, 
and time interactions with each covariate. 
3
 Global score combined results of immediate recall of a 10-word list, delayed recall of a 10-word list, counting backward from 20, serial 7 subtraction, and 
orientation 
4
 A positive β coefficient indicates slower rate of decline in cognitive performance. p<0.05 were highlighted by asterisk (*). 
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Table 4.4. Adjusted mean difference in rate of change in cognitive score according to factor analysis-based dietary patterns 1-6 
 Pattern 1: Wheat-based diverse diet  Pattern 2: Rice/pork 
 Mean difference (95% CI)  Mean difference (95% CI) 
 All  
(n=1650) 
Age at entry<65 
(n=1046) 
Age at entry≥65 
(n=604) 
 
 
All  
(n=1650) 
Age at entry<65 
(n=1046) 
Age at entry≥65 
(n=604) 
Global scores
e
       
T1 0 
 
0 0  0 0 0 
T2 0.115 (-0.036, 0.265) 0.144 (-0.041, 0.330) 0.054 (-0.217, 0.404)  -0.048 (-0.219, 0.123) -0.101 (-0.307, 0.105) 0.094 (-0.217, 0.404) 
T3 0.164 (-0.016, 0.343) 0.020 (-0.205, 0.246) 0.424 (0.119, 0.730)*  -0.022 (-0.213, 0.169) -0.063 (-0.296, 0.169) 0.147 (-0.197, 0.491) 
P-trend 0.12 0.89 0.011  0.19 0.21 0.43 
Composite scores
f
       
T1 0 0  0  0 0 0 
T2 0.019 (-0.002, 0.041) 0.024 (-0.003, 0.050) 0.011 (-0.029, 0.050)  -0.007 (-0.032, 0.018) -0.014 (-0.043, 0.016) 0.012 (-0.034, 0.059) 
T3 0.026 (0.000, 0.052)* 0.003 (-0.029, 0.035) 0.069 (0.023, 0.114)*  -0.003 (-0.031, 0.025) -0.006 (-0.040, 0.027) 0.018 (-0.034, 0.069) 
P-trend 0.08 0.98 0.009  0.22 0.17 0.63 
Verbal memory scores
g
       
T1 0  0  0   0 0 0  
T2 0.012 (-0.015, 0.039) 0.017 (-0.018, 0.051) 0.002 (-0.043, 0.046)  -0.007 (-0.038, 0.023) -0.018 (-0.056, 0.020) 0.018 (-0.034, 0.071) 
T3 0.020 (-0.012, 0.052) 0.003 (-0.039, 0.044) 0.050 (-0.002, 0.101)  -0.004 (-0.038, 0.030) -0.017 (-0.060, 0.026) 0.032 (-0.026, 0.090) 
P-trend 0.32 0.75 0.045  0.21 0.39 0.19 
1
 Age significantly modified the association between factor analysis-based dietary patterns and change in cognitive scores (e.g. for pattern 1 and change in global 
cognitive scores p=0.068). 
2
 Model adjusted for model 2 covariates, including age, gender, region (south/north), urbanisation index, education (graduated from primary/less), annual 
household income per capita (≥5,000 yuan/less), total energy intake, physical activity (tertile), current smoking (yes/no), body mass index (linear and squared 
terms), hypertension, time (year since baseline), and time interactions with each covariate.  
3
 A positive β coefficient indicates slower rate of decline in cognitive performance. p<0.05 were highlighted by asterisk (*). 
4 
Global score combined results of immediate recall of a 10-word list, delayed recall of a 10-word list, counting backward from 20, serial 7 subtraction, and 
orientation 
5
 Composite scores were computed by baseline z scores of memory scores and the rest of the cognitive scores, and were averaged into a single measure. 
6
 Verbal memory score combined results of immediate and delayed recall of a 10-word list. 
5
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Supplemental Table 4.1. Adapted Mediterranean Diet and food examples 
 Food group Foods examples Criteria for 1 point 
1 Vegetables (no potatoes) All vegetables; e.g. Chinese cabbage, bok choy, celery, spinach, 
Chinese chive, lettuce, radish, tomato, cucumber, eggplant, bean sprouts 
Above sex-specific median (231g/d for 
men; 210g/d for women) 
2 Legumes and nuts Tofu, peas, beans, peanuts Above sex-specific median (42g/d for men; 
40g/d for women) 
3 Fruits   All fruits e.g. apple, orange  Consumer   
4 Fiber-rich grains (fiber to CHO 
ratio ≥7.4g:100g) 
Corn grain, yellow corn flour, corn grits, barley grain, buckwheat Consumer   
5 Fish Fish and seafood; e.g. carp, belt fish, tilapia, shrimp Consumer   
6 Dairy products Milk and yogurt Consumer   
7 Red and processed meats Pork, beef, lamb, chicken, duck, sausage Below sex-specific median (50g/d for men; 
47g/d for women) 
8 Animal-source cooking fats Lard, butter, sheep fat, beef tallow Non-consumer   
9 Alcohol Beer, rice wine, grape wine, liquor 10-50g/day for men and 5-25g/day for 
women 
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Supplemental Table 4.2. Factor loadings for 2 dietary patterns of the sample from 
CHNS (n=1650)1 
Food group Food examples Pattern 1: 
Wheat-based 
Diverse  
Pattern 2: 
Rice/Pork 
Rice Rice, rice porridge, glutinous rice  0.57 
Wheat noodles Wheat noodles   
Wheat flour Wheat flour  -0.76 
Wheat buns Leavened wheat bun, wheat bread 0.44 -0.36 
Deep-fried wheat 
Deep-fried wheat dough stick, fried dough 
twist 
0.57  
Corn and coarse grains  Corn flour, foxtail millet four, barley grain  -0.70 
Starchy tubers  Potato, lotus root, sweet potato, taro, yam   
Fresh legumes Bean sprouts, pea with pod, snow pea   
Dried legumes Soybean, mung bean, kidney bean   
Legume products Tofu, soybean curd   
Nuts Peanuts  0.40  
Mixed products from starchy 
roots, beans or coarse grain 
Potato cellophane noodle, corn cellophane 
noodle   
  
Fresh vegetables, non-leafy 
Radish, tomato, hot pepper, cucumber, 
cauliflower 
  
Fresh vegetables, leafy 
Chinese cabbage, bok choy, lettuce, spinach, 
rape, chives 
  
Pickled  or canned vegetables 
Pickeled Chinese cabbage, mustard root, 
mustard green 
  
Dried vegetables Dried radish, dried Chinese cabbage   
Fruits Apple, orange 0.51  
Low-fat red meats Low-fat beef or low-fat lamb  0.50 
Moderate-to-high fat red meats Moderate-to-high fat beef or lamb  0.50  
Low-fat pork Low-fat pork  0.51 
Moderate-to-high fat pork Moderate-to-high fat pork  0.39 
Organ meats Pork liver, pork blood  0.48 
Poultry and game Chicken, duck 0.42 0.50 
Fish and seafoods Carp, beltfish, shrimp 0.42 0.40 
Eggs and eggs products Eggs, duck egg 0.62  
Milk and dairy products Milk, yogurt 0.67  
Alcoholic beverages Beer, rice wine, grape wine, liquor   
Sugar  Sugar 0.57  
Salt Salt   
Monosodium glutamate Monosodium glutamate   
Vinegar White vinegar, aged vinegar  0.37  
Soy sauce Soy sauce 0.41  
Plant oil 
Peanut oil, rapeseed oil, soybean oil, 
cottonseed oil 
0.41  
Animal-source cooking fats Lard, tallow -0.45  
1
 Factor loadings less than 0.35 are not shown. 
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Chapter 5. Visit-to-visit variability in blood pressure, diet, and cognitive decline 
 
Overview 
Recent studies suggest higher visit-to-visit variability in blood pressure (BP) is associated 
with faster cognitive decline, but prospective evidence is limited. The primary aim of this study 
was to evaluate the relation between visit-to-visit variability in BP and cognitive decline among 
community-dwelling older adults. Because dietary patterns such as the Mediterranean diet have 
been found to influence blood pressure control as well as to slow cognitive decline, we also 
aimed to evaluate if the association between Mediterranean diet and cognitive decline may be 
partly mediated by visit-to-visit variability in BP. This prospective cohort study comprised 1213 
adults who had two or more waves of BP measurements as part of the China Health and 
Nutrition Survey from 1991, up to their first cognitive tests, and completed a cognitive screening 
test at two or more waves in 1997, 2000 or 2004. Mean (SD) age at first cognitive test was 64 (6) 
y. Outcomes were repeated measures of global cognitive scores (baseline mean ± SD: 19 ± 6 
points), standardized composite cognitive and verbal memory scores (standardized units [SU]). 
Visit-to visit BP variability was expressed as the standard deviation [SD] or as the coefficient of 
variation in BP measures obtained at a mean interval of 3.6 year. Diet was measured by 3-day 
24-hour recalls. Multivariable-adjusted linear mixed-effects models were used to determine how 
changes in cognitive scores were associated with visit-to visit BP variability. We also examined 
if there was attenuation of the association between Mediterranean diet or its food components 
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and cognitive decline after adjusting for BP variability. Higher visit-to-visit variability in systolic 
BP, but not mean systolic BP, was associated with a faster decline of cognitive function 
(adjusted mean difference [95% CI] for high vs. low tertile of SD in variability: global score -
0.23 points/y [-0.41 to -0.04], composite scores -0.029 SU/y [-0.056 to -0.002] and verbal 
memory -0.044 SU/y [-0.075 to -0.012]). Higher visit-to-visit variability in diastolic BP was 
associated with a faster decline of global cognitive function only among adults 55-64 years, 
independent of mean diastolic BP. The magnitude of the association between Mediterranean diet 
or its food components and cognitive decline was not strongly altered by visit-to-visit BP 
variability. In conclusion, higher long-term blood pressure variability predicted a faster rate of 
cognitive decline among older adults. More research is needed to identify strategies for 
controlling long-term BP variability.   
 
Introduction 
Though vascular conditions such as hypertension are thought to be risk factors for 
cognitive decline, there are important gaps in the scientific literature on this topic, and thus in 
understanding of effective strategies for prevention. Research relating blood pressure to 
cognitive disorders has focused on clinical definitions of hypertension or absolute blood pressure 
values. Although evidence supports that midlife hypertension is a risk factor for subsequent 
vascular dementia and Alzheimer’s disease (AD), evidence is mixed for late-life hypertension.58  
In addition, randomized clinical trials have not shown a consistent effect of blood pressure-
lowering treatments for the prevention of cognitive impairment and dementia.
143,144
   
The clinical relevance of visit-to-visit blood pressure (BP) variability has been dismissed 
until recently. However, the evidence is accumulating that visit-to-visit BP variability may not be 
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a random phenomenon or simply an unimportant measurement artifact (e.g. related to use of 
antihypertensive medication; timing of measures), but may instead provide information on 
pathological process and be relevant for prognosis.
145-147
 BP fluctuations may be a reflection of 
hemodynamic instability, and may lead to insufficient cerebral blood flow and subsequent brain 
lesions. Recent studies have found higher visit-to-visit BP variability to be a strong predictor of 
stroke,
148
 and of small and larger vessel cerebrovascular diseases,
64,65
 which could lead to a 
cascade of changes related to cognitive decline and dysfunction.
149
 Visit-to-visit BP variability 
has been typically expressed as the standard deviation or coefficient of variation of BP measures 
across monthly or yearly visits. 
Limited research has examined visit-to-visit BP variability and cognitive function, 
consisting primarily of studies with only one cognitive measurement. Previous studies have 
found visit-to-visit BP variability to be associated with lower cognitive scores or dementia in 
vulnerable populations with a high number of medications and BP-lowering treatments, 
including subjects with a high risk of cardiovascular disease or a high prevalence of 
hypertension,
6,7,60
 and populations in which more than half were cognitively impaired.
67
 An age- 
and sex-matched case-control study also found BP variability to be associated with AD.
66
 
However it remains uncertain whether visit-to-visit variability in BP predicts a faster rate of 
cognitive decline in a general population of older adults, based on repeated measures which 
provide stronger evidence of a potential causal relationship. It is also unknown whether, as 
suggested for risk factors such as hypertension, any detrimental effects of BP variability on 
cognitive decline may differ in mid-life vs. among more elderly adults.  
There is substantial evidence that hypertension can be prevented or improved by healthy 
lifestyles factors, and in particular by diet.
150
 However, it is not known whether similar dietary 
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factors may predict visit-to-visit variability in BP. The current literature suggests that higher 
consumption of vegetables, fruits, and dietary patterns rich in these foods including the Dietary 
Approaches to Stop Hypertension (DASH) and Mediterranean diets are strongly associated with 
lower blood pressure or incidence of hypertension, and related vascular conditions such as 
arterial stiffness.
70,151-153
 However, dietary factors which predict visit-to-visit BP variability have 
not been explored. In our previous research, we demonstrated that an adapted Mediterranean diet 
(aMeDi), and in particular components such as fish and fruit intake, was associated with a slower 
rate of cognitive decline (aim 2). It remains to be explored whether one of the mechanisms for 
the favorable effects of diet on cognition is via effects on vascular measures such as visit-to-visit 
BP variability. 
 In the current study, we evaluate the association between visit-to-visit variability in BP 
and cognitive decline among a sample of community-dwelling Chinese men and women. We 
also evaluate if the Mediterranean diet and its components are associated with visit-to-visit BP 
variability, and if the diet-cognitive decline association may be partly mediated by visit-to-visit 
BP variability. 
 
Methods 
Subjects 
China Health and Nutrition Survey (CHNS) is an ongoing longitudinal open cohort study 
established in 1989 with follow-ups in 1991, 1993, 1997, 2000, 2004, 2006, 2009 and 2011. A 
multistage, random cluster process was used to draw the sample from nine provinces of China. 
Detailed survey methodology has been described elsewhere.
83
 In each wave of the CHNS, 
demographic, socioeconomic, lifestyle, diet, and health information were collected. In 1997, 
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2000 and 2004, CHNS administered cognitive measures among participants 55 years or older, all 
of whom were community dwellers. Among the 2408 adults with at least one wave of 
measurement (participation rate for cognitive test among eligible CHNS participants 73%), 1677 
(70%) had at least two measurement occasions of cognitive function. Among them, a total of 
1213 participants who also have two or more waves of measurement of blood pressure (n=237, 
721, 255 for two, three and four measures)  
 
Assessments 
Assessment of Cognitive Function 
Cognitive screening items measured by CHNS were derived from part of the Telephone 
Interview for Cognitive Status –modified (TICS-m),88,89 which have been used by population 
based studies including the Chinese population.
90,92
 In three waves, CHNS adopted identical 
cognitive screening items, including immediate and delayed recall of a 10-word list, counting 
backward from 20, serial 7 subtraction, and orientation. Both immediate and delayed recall 
scored from 0 to 10. Counting backward and serial 7’s scored from 0 to 7 and was used to assess 
attention and calculation. Orientation, with scores ranging from 0 to 4, was assessed by asking 
the current date (1 point each for year, month and date), and to name the tool usually used to cut 
paper (1 point). Higher scores on all items indicate better performance of cognitive function.  
 Repeated measures of cognitive tests were summarized as outcomes in the following 
ways: 1) global cognitive score, which was the total of all cognitive screening items with scores 
ranging from 0 to 31 points; 2) standardized composite score (in standardized units [SU]); and 3) 
verbal memory scores (in SU) which summarized immediate and delayed recall of a 10-word 
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list. The composite score was created as an alternative global cognitive measure by averaging z-
scores of verbal memory and the other items assessing attention, calculation and orientation.   
 
Blood Pressure Measurements 
The same standard procedure and calibrated mercury sphygmomanometers were used for 
measuring BP in each wave since 1991.
154,155
 Blood pressure was measured after participants’ 5-
minute seated rest by certified health workers or nurses who had passed a comprehensive 
reliability test. In each wave, three BP measurements were taken with a 30-second interval 
between cuff inflations and were averaged to derive the BP for that wave. To reduce the concern 
about reverse causation (i.e. blood pressure fluctuated due to cognitive change), we used blood 
pressure measurements from 1991 up to the first assessment of cognitive function (1997 or 
2000).  
For systolic and diastolic blood pressure separately, we calculated the long-term mean, 
and BP variability across visits. Consistent with a number of other studies,
7,60,63,66,67
 visit-to-visit 
BP variability was expressed as standard deviation [SD] and coefficient of variation [CV]). CV 
of BP was less dependent on the mean BP compared to SD of BP, though they were highly 
correlated. 
 
Dietary Assessment and aMeDi Score 
 Food intakes measured in CHNS were a combination of 3-day 24-hour dietary recalls and 
a weighed food inventory at the household level, which improved quantification in particular of 
foods such as oils and condiments. The daily changes minus wastage in the household were 
allocated to individual consumption for all foods and condiments based on the recalls. The 
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dietary information collected at the same time as the first BP measurement was used in our 
study. The temporal sequence of the assessment of diet, blood pressure and cognitive function is 
shown in Supplemental Figure 5.1. 
   We described how we constructed the adapted Mediterranean diet (aMeDi) elsewhere. In 
brief, 1 point was given to intakes: 1) above the sex-specific median of vegetables and legumes; 
below the sex-specific median of red meat;  2) any consumption of fruits, fish, fiber-rich grains, 
which were consumed by <50% of the sample; 3) non-consumption of animal cooking fat; and 4) 
alcohol consumption between 10 to 50g/d for men and 5 to 25g/d for women. The possible range 
of aMeDi scores was 0 to 8, with higher scores indicating better adherence. 
 
Statistical analysis 
We investigated differences in the following participant characteristics by tertiles of SD 
of SBP and SD of DBP: age, gender, region (south/north), urbanization index (a multicomponent 
continuous scale) 
93
, education (highest level of education attained primary vs. less), ever 
smoking (yes/no), physical activity (tertile), body mass index (calculated by measured weight 
and height), history of chronic diseases including myocardial infarction (MI), stroke or diabetes 
(self-report), mean blood pressure, and antihypertensive treatment (self-report). To determine 
which covariates to include in the models examining BP variability and cognitive decline, we 
assessed the association between systolic or diastolic blood pressure variation and participant 
characteristics by linear regression and included all variables significantly associated (p<0.05) 
with the SD of SBP or DBP or change in the effect estimate by 10%. 
 
Visit-to-visit Variability in BP and Cognitive Decline 
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 We used linear mixed-effects models to evaluate the association between SD of SBP and 
cognitive status over time with the lowest tertile of SD of SBP as the referent. The intercept and 
slope were fitted with random-effects components to account for inter-individual differences in 
baseline cognitive function and rate of change.
96
 The first model adjusted for age, gender, 
education, time, and time interactions with above covariates. The second model additionally 
adjusted for all variables significantly associated with SBP variability or with change-in-estimate 
more than 10%, which included urbanization index, history of stroke, history of diabetes, use of 
antihypertensive treatment, mean SBP, and their time interactions based on age-, gender-, and 
education- adjusted model. Linear trends were tested by using the median value of each tertile as 
a continuous variable. Analyses were repeated for CV of SBP, and mean SBP. Standard 
deviation, CV of DBP and mean DBP were evaluated in the same models except that model 2 
adjusted for mean DBP to evaluate the independent association between DBP variability and 
cognitive function over time. Since SBP increases with age, which can also lead to a large 
standard deviation of SBP, we also evaluated if change in SBP over time (SBP last visit-SBPfirst visit) 
equally predicts cognitive function over time as standard deviation of SBP. Similar analyses 
were done for temporal changes in DBP. All statistical analyses were performed using STATA 
(version 11.2; STATA Corp LP).     
We examined if the visit-to-visit BP variability and cognitive decline was modified by 
one key factor, age, since previous evidence suggested a stronger association between BP and 
cognitive function in midlife vs. latelife.
156
  p<0.1 was defined as statistical significance for 
interaction, while p<0.05 was used for main effects.   
 In sensitivity analysis, first we evaluated if the associations between BP variability and 
cognitive decline were independent of the remote BP (i.e. the first BP measurement), baseline 
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BP (i.e. the latest measure at or before cognitive assessment), or baseline hypertension (defined 
as measured mean SBP/DBP ≥140/90 mm Hg or self-report of anti-hypertension medications). 
Second, to examine if the associations may be different between those with hypertension and 
those without, we tested the statistical interactions using product terms with hypertension. 
Moreover, we repeated the main analyses usingparticipants who took antihypertensive 
medications (n =138), and who reported a history of MI or stroke (n=37). Finally, we conducted 
a sensitivity analysis restricting the sample to subjects with 3 waves of BP measures (n=721), to 
ensure that variable numbers of measures did not meaningfully influence results. 
 
aMeDi Score and Visit-to-visit BP Variability  
In a secondary analysis, we evaluated if BP variability across visits relates to baseline 
aMeDi score or any of its food components which were measured at the first BP assessment. We 
used linear regression with SD of SBP, SD of DBP, CV of SBP and CV of DBP as the outcome 
in separate models. We adjusted for potential confounders including age, gender, region 
(south/north), urbanization index, education (graduated from primary/less), physical activity 
(tertile), body mass index, and total energy intake. 
 
aMeDi and Cognitive decline via visit-to-visit BP variability 
Among those dietary factor(s) that were at least borderline significantly (p<0.10) 
associated with BP variability, we used linear mixed-effects model to determine their 
associations with cognitive decline. We then calculated the mediation effect based on changes in 
the coefficient of diet X time with or without adjusting for visit-to-visit BP variability, defining a 
greater than 15% change in the coefficient as evidence of mediation.
5
 Since our previous results 
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found the aMedi score to be associated with cognitive decline primarily among adults ≥65 years 
(aim 2), we repeated these analyses stratified by age 65 years.  
 
Results 
Demographic Characteristics by Visit-to-Visit BP Variability 
Among all participants in the analytical sample, increasing tertiles of SD of SBP was 
significantly associated with older age, higher urbanization index, lower education, being more 
likely to have a history of stroke and diabetes, and to have antihypertensive medications (Table 
5.1). Increasing tertiles of SD of SBP was also associated with higher mean SBP.  
 Since age significantly modified the association between DBP variability and cognitive 
decline (p=0.021), all subsequent analyses for DBP were stratified by age 55-64 (n=755), and 
≥65 years  (n=458). Increasing tertiles of SD of DBP were significantly associated with higher 
mean DBP and being more likely to have antihypertensive treatment among both age groups, and 
more likely to have a history of MI among participants aged ≥65 (Supplemental Table 5.1). 
 
 Visit-to-Visit BP Variability and Cognitive Decline 
The mean follow-up for cognitive function was 5.3 years. Mean SBP was not associated 
with the rate of cognitive change, while higher variability of visit-to-visit SBP was significantly 
associated with a faster decline of cognitive function (Figure 5.1 and Supplemental Table 5.2). 
Further adjusting for urbanization index, history of stroke, diabetes, antihypertensive treatment, 
SD of DBP, and mean SBP (model 2) did not attenuate the results in age-, gender-, and 
education-adjusted linear mixed-effects model (model 1). Compared to the lowest tertile of SD 
of SBP, the rate of global cognitive decline associated with the middle and the highest tertile was 
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faster by -0.13 points per year (95% CI: -0.31, 0.04) and -0.23 (95% CI: -0.41, -0.04) points per 
year respectively (p-trend=0.02). Similarly, participants in the highest tertile of SD of SBP had a 
faster rate of decline in composite scores (β=-0.029, 95% CI: -0.056, -0.002; p-trend=0.04) and 
verbal memory scores (β=-0.044, 95% CI:-0.075, -0.012; p-trend=0.01). Results were consistent 
for CV of SBP. The change in SBP over a 7 year period between the first  visit and the last visit  
was a mean (SD) of 7.5 (±21.4) mm Hg. The change in SBP and SD of SBP were positively 
correlated (r=0.3), but we did not find a significant relation between change in SBP and 
cognitive decline (T3 vs. T1: β=-0.14, 95% CI: -0.31, 0.04, p=0.12). 
 Among adults aged less than 65 years, the annual rate of cognitive decline was higher by 
0.22 points (95% CI: -0.43, 0.00) and 0.31 points (95% CI: -0.55,-0.07) for the middle and the 
highest tertile of SD of DBP (p-trend=0.01; Figure 5.2 and Supplemental Table 5.3). There was 
also a significant trend for a dose-response relation between SD of DBP and rate of change in 
composite score (p-trend=0.001). Results were consistent for CV of DBP. We did not find any 
rate difference for verbal memory scores or any cognitive test items for individuals age 65 and 
older by levels of SD or CV of DBP.  
 In sensitivity analyses, the associations remained unchanged after adjusting for remote 
BP, baseline BP, or baseline hypertension status. In fact, remote BP, baseline BP and 
hypertension did not predict rate of cognitive change. The associations were not modified by 
baseline hypertension status or mean BP. Limiting the analyses to participants who did not take 
antihypertensive medications, or who did not report a history of MI and stroke did not materially 
alter our results for either SBP or DBP variability. Moreover, limiting the analyses to subjects 
with 3 waves of BP measures did not alter out conclusions (data not shown). 
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aMeDi and Visit-to-Visit BP Variability 
 Among aMeDi scores and its food components, fruit consumption was borderline 
significantly associated with a lower SD in SBP (β =-1.52, p=0.056), as well as in DBP (β =-
1.52, p=0.021; Table 5.3). Similar results were found for CV of SBP and CV of DBP 
(Supplemental Table 5.4). Fruit consumption was one of the aMedi components most strongly 
predictive of cognitive decline (see chapter 4). We did not find significant relationships between 
aMeDi scores or the remaining food components and visit-to-visit BP variability overall, or 
among the subjects aged ≥65 years in whom this dietary pattern was especially predictive of 
lower cognitive decline. 
 
Visit-to-Visit BP Variability Mediation  
Fruit consumption measured at the first BP visit was significantly associated with a 
slower rate of global cognitive score in age-, gender-, education- and total energy-adjusted model 
(β =0.29, p=0.029), but became attenuated after further adjusting for region, urbanization index, 
physical activity, and body mass index (β=0.25, p=0.065), which was consistent with our 
previous report (aim 2). Results were very modestly attenuated, after additionally including SD 
of SBP or SD of DBP in the adjusted model (e.g. β=0.23, p=0.080 after adjusting for SD of 
SBP). Stratification by age<65 or ≥65 made little difference to the results, except for a larger 
confidence interval (data not shown). Of interest, the association between fruit consumption and 
cognitive decline was not modified by SD of SBP or SD of DBP (p-interaction=0.206, 0.777). 
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Discussion 
In a cohort of community dwelling Chinese older adults, higher visit-to-visit variability in 
systolic blood pressure predicted a faster decline of global cognitive function and verbal memory 
over a mean follow-up of 5y. Higher visit-to-visit diastolic blood pressure variability was 
associated with a faster decline of global cognitive function among adults 55-64. In contrast, we 
did not observe a relationship between mean blood pressure and cognitive change over time.  
 Few studies have evaluated the association between visit-to-visit BP variability and 
cognitive function. Associations with cognitive decline, based on longitudinal cognitive testing, 
have not been reported. Nonetheless, results of our analyses, are consistent with previous 
literature suggesting that long-term BP variability may be more informative than mean BP in 
predicting cognitive outcomes in older adults. Our definitions of visit-to-visit BP variability 
which used the SD and CV of measures at each time point, was the same as that used by previous 
literature.
7,60,63,66,67
  In earlier studies, the interval between each BP visit ranged from one month 
to up to four years;
64
 the mean interval in our study was 3.6 years. In a US study, where 
participants were 55+ in which more than half of the participants had cognitive impairment, 
visit-to-visit SBP variability, but not DBP, variability was associated with worse episodic 
memory, executive and global cognitive function.
67
 In a Japanese study and a European study 
(PROspective Study of Pravastatin in the Elderly at Risk [PROSPER]) where participants were 
70+ years with high risk of cardiovascular disease at entry, visit-to-visit SBP variability 
significantly predicted lower cognitive scores.
6,7
 Though DBP variability was not associated with 
cognitive scores in the full PROSPER sample, a subgroup with magnetic resonance imaging 
(MRI) showed both DBP and SBP variability were associated with cortical infarcts and lower 
hippocampal volume. Recent studies found higher visit-to-visit variability in both SBP and DBP 
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among AD patients,
66
 and with higher incidence of dementia among participants 65+ in which 
60% were hypertensive at entry.
60
 Most of the previous studies were conducted in high risk 
groups with high prevalence of medications and BP-lowering treatments. In contrast, our sample 
was relatively healthy with an initial 23% prevalence of hypertension (mainly in 1991) and much 
lower level of diagnosis (7%) and treatment (4%), providing us a less selective sample and a 
more natural study of the impact of visit-to-visit BP variability. 
Two recent studies found a higher visit-to-visit SBP and DBP variability among AD 
patients,
66
 or to be associated with a higher incidence of dementia among participants 65+ with 
60% hypertensive at baseline.
60
 All of the above studies stated that these associations were 
independent of mean BP. In fact, as in our data, very few found a significant relation between 
mean BP and cognitive outcomes. Consistent with these findings, clinical trials controlling BP to 
reduce the incidence of dementia or cognitive decline have largely failed. However, it is 
noteworthy that in the Syst-Eur trial, calcium-channel blockers were found to reduce the 
incidence of dementia,
157
 and separate studies have shown calcium-channel blockers to be most 
effective for reducing variability of blood pressure among all antihypertensive drug classes.
158
  
In the current study, while benefits of lower variability in SBP were observed for the full 
sample, we found that the association between DBP variability and cognitive decline was 
stronger at younger ages, potentially due to fewer competing causes of cognitive disorders. 
Similar to our finding regarding the role of age, Rothwell and others found that BP variability, 
though increasing with age, was more predictive of stroke risk for younger patients.
61
 Our 
findings of a null association between DBP and cognitive decline for adults aged 65 years and 
older were consistent with several other studies.
6,7
 Our observations about DBP variability and 
global cognitive scores among adults below 65 need to be confirmed by other studies. 
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Current treatment decisions for high blood pressure are based on the mean value, which 
were typically assessed over several visits.
159,160
 Visit-to-visit BP variability has been regarded as 
minor random change around one’s true basal blood pressure and previously thought to be 
uninformative,
161,162
 since BP is known to vary throughout the day, and by day of the week and 
season.
163,164
 However, the evidence is growing that visit-to-visit BP variability is not a random 
phenomenon but could provide information of prognostic value.
145-147
 Recent findings suggest 
that variability of monthly or yearly BP measures predict stroke among hypertensive patients,
61
 
cardiovascular morbidity and mortality among patients with hypertension and coronary disease,
62
  
and overall mortality independent of mean BP among US healthy adults.
63
     
 Potential mechanisms linking visit-to-visit BP variability and impaired cognitive function 
have been proposed. First, MRI findings support the hypothesis that the peripheral BP 
fluctuations could lead to cerebral hypoperfusion and silent vascular brain lesions, which in turn 
increase the risk of cognitive deterioration. Several studies found that higher visit-to-visit BP 
variability, based on BP measurements during 3 study visits at 1 to 3-year intervals, was related 
to white matter hyperintensities or lesions,
64,65
 and a recent study with visits at 3-months 
intervals found visit-to-visit BP was associated with decreased hippocampal volume, cerebral 
microbleeds and cortical infarcts.
7
 Cerebral small vessel disease including white matter 
hyperintensities, and hippocampal atrophy are known risk factors for cognitive decline and 
dementia.
165,166
 Second, it is also possible that higher BP variability may represent an augmented 
hemodynamic instability, which could lead to the damage of microvasculature with changes in 
brain structure and function.
167,168
 Consistent with this notion, higher visit-to-visit BP variability 
was associated with endothelial injury and impairment.
169,170
 It is hypothesized that cerebral 
microcirculatory endothelial dysfunction may influence the integrity of the blood-brain barrier, 
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cerebral auto-regulation and other physiologic processes, with subsequent impact on the genesis 
of brain infarcts and the development of cognitive impairment.
171
  
Our brief investigation on the pathway between the Mediterranean diet, visit-to-visit BP 
variability and cognitive decline suggested that the benefits of this diet pattern on preserving 
cognitive function may not be mediated by BP variability. This finding is similar to a previous 
report that the association between Mediterranean diet and AD was not mediated by vascular 
comorbidities.
5
  Several characteristics of Mediterranean diet, such as higher intakes of 
vegetables, fruit, legumes, nuts, and whole grain and lower intake of red meat, are similar to the 
DASH diet, which is known for blood pressure reduction. However, except for fruit, neither an 
overall Mediterranean diet score nor its food components were found to be associated with BP 
variability in our study. We also did not observe an association between intakes of high-Na 
condiments such as salt, soy sauce and BP variability (data not shown), which is consistent with 
the null finding of a recent randomized controlled trial on salt reduction and visit-to-visit BP 
variability.
68
 We reported before that the associations of Mediterranean diet or its food 
components and cognitive decline became stronger at older ages (aim1 & aim 2). The difference 
in the age groups in which diet vs. BP variability play a role in cognitive decline may suggest 
their different mechanisms in their association with cognitive function. Further investigation is 
needed to identify if any dietary modification may be an effective strategy in reducing BP 
variability, and to find out whether the biological mechanisms between Mediterranean diet and 
cognitive health were through oxidative, inflammatory or other pathways.   
 A number of limitations of the current study should be considered. First, although a wide 
array of covariates were adjusted in the model, measures of potential confounders such as 
depression were not available, and some residual confounding is possible. Second, blood 
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pressure for a given participant was not systematically assessed at the same time of day across 
the multiple follow-ups which could contribute to the random error of BP variability and 
attenuated the associations. The information on 24-hour ambulatory BP variability, which can 
provide evidence of how BP can vary as a function of time of day,
172
 was not available. Third, 
like some other studies,
60,63
 BP variability in our study was calculated from mainly 3-time visits, 
which has limited the precision and reproducibility of estimating BP variability compared to 
more measurements. The associations between BP variability and cognitive decline were more 
likely to be strengthened if more BP measurements were available.
161
 
 Major strengths of this study include the use of longitudinal data and the population-
based sample. The population-based sample from CHNS, avoids the selectivity of clinical trial 
samples and imparts the ability to generalize the results to the Chinese population.  
 The current study supports that higher long-term blood pressure variability independent 
of mean blood pressure is able to predict a faster rate of cognitive decline among community-
dwelling older adults. The current study also suggests the possibility that controlling blood 
pressure instability could be a strategy in preserving cognitive function among older adults, but 
intervention trials and more longitudinal studies are needed to confirm this finding. Moreover, 
future studies examining the predictors of BP variability may help us better understand and 
manage this risk factor.
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Tables and Figures 
Table 5.1. Characteristics of the sample by tertile of standard deviation in systolic blood 
pressure
1
 
 Tertile of standard deviation in systolic blood 
pressure, 
range in mm Hg    
 
Characteristics  T1 (n=405)   
<8.49 
T2 (n=404)   
8.49-14.75 
T3 (n=404)   
≥14.75 
P-trend 
Age, y 62.2 (6.3) 63.0 (6.9) 64.9 (7.0) <0.001 
Women, % 49.9 51.0 52.2 0.09 
North region, % 30.9 30.9 27.7 0.22 
Mean urbanization index 49.2 (17.1) 49.3 (16.1) 52.2 (16.7) 0.04 
Graduated from primary or above, % 41.2 47.5 35.2 0.003 
Ever smoking, % 47.4 46.8 46.0 0.15 
Mean physical activity, %     
Low tertile 29.6 32.2 38.4 Ref 
Middle   35.1 31.4 33.4 0.39 
High 35.3 36.4 28.2 0.06 
Mean body mass index, kg/m
2
 22.2 (3.0) 22.3 (3.1) 22.4 (3.4) 0.09 
History of myocardial infarction, % 0.7 1.5 1.7 0.72 
History of stroke, % 0.7 1.2 3.7 0.003 
History of diabetes, %
 
 1.7 1.5 3.7 <0.001 
Mean SBP, mm Hg 120.4 (15.4) 122.5 (14.9) 129.9 (18.3) <0.001 
Mean DBP, mm Hg 77.3 (9.1) 78.4 (8.6) 80.5 (9.8) <0.001 
Standard deviation of DBP, mm Hg 5.9 (4.2) 7.7 (4.8) 10.3 (5.9) <0.001 
Antihypertensive medication, % 7.7 10.4 16.1 <0.001 
1 
History of myocardial infarction, stroke or diabetes were self-reported information. DBP, diastolic blood 
pressure; SBP, systolic blood pressure. 
  
Table 5.2. Associations of aMeDi and its food component with standard deviation of systolic blood pressure and standard 
deviation of diastolic blood pressure
1-3
 
  Standard deviation of SBP  Standard deviation of DBP 
  Criteria for 1 point   β p  β p 
aMeDi score (sum of 8 
components below) 
-- -0.09 0.64   -0.14 0.31 
Vegetables Above sex-specific median   -0.43 0.36  -0.04 0.91 
Legumes and nuts   Above sex-specific median   0.32 0.50   0.52 0.10 
Fruits   Consumer   -1.52 0.06   -1.24 0.02 
Fiber-rich grains   Consumer   -0.58 0.42   0.22 0.66 
Fish   Consumer    0.07 0.90   -0.55 0.10 
Alcohol  10-50g/day for men and 5-
25g/day for women   
0.25 0.81   0.63 0.69 
Red meat and processed meat Below sex-specific median   0.52 0.30   0.36 0.29 
Animal-source cooking fats Nonconsumer -0.09 0.64  -0.48 0.15 
1
Model adjusted for age, gender, education (graduated from primary/less), region (south/north), urbanization index, physical activity 
(tertile), body mass index, total energy intake. aMeDi, adapted Mediterranean Diet; DBP, diastolic blood pressure; SBP, systolic blood 
pressure.  
2
 For each food component, 1 point was compared to 0 point  
3 
Negative coefficient suggest that the factor associates with smaller variability of systolic or diastolic blood pressure 
7
6
 
  
Supplemental Table 5.1. Participant characteristics by tertile standard deviation in diastolic blood pressure (n=1213)1,2 
 
 Tertile of standard deviation in diastolic blood pressure, 
range in mm Hg 
 Age <65y  Age ≥65y 
Characteristics  T1 (n=253)   
<5.65 
T3 (n=244)   
≥9.18 
P-trend  
 
T1 (n=152)   
<5.65 
T3 (n=160)   
≥9.19 
P-trend 
Age, y 58.9 (2.7) 59.0 (2.9) 0.44  70.3 (4.4) 70.7 (4.7) 0.38 
Women, % 53.4 47.1 0.49  57.9 51.3 0.84 
North region, % 29.3 27.1 0.34  36.2 31.9 0.50 
Mean urbanization index 48.5 (17.1) 48.3 (16.6) 0.76  53.0 (16.6) 54.2 (16.0) 0.30 
Graduated from primary or above, % 49.0 48.0 0.07  21.7 25.6 0.54 
Ever smoking, % 48.2 48.0 0.48  40.1 44.4 0.85 
Mean physical activity, %        
Low tertile 22.5 22.1 Ref  53.3 59.4 Ref 
Middle   34.8 35.3 0.57  32.9 26.3 0.78 
High 42.7 42.6 0.76  13.8 14.4 0.58 
Mean body mass index, kg/m
2
 22.3 (2.9) 22.4 (3.1) 0.87  22.6 (3.6) 21.9 (3.4) 0.83 
History of myocardial infarction, % 0 1.2 0.30  2.6 3.1 <.001 
History of stroke, % 1.6 1.6 0.85  2.0 3.8 0.66 
History of diabetes, %
 
 1.2 2.5 0.31  3.3 3.1 0.29 
Mean SBP, mm Hg 119.7 (14.6) 122.6 (15.7) 0.003  129.6 (16.0) 132.1 (19.7) 0.001 
Mean DBP, mm Hg 76.9 (8.3) 79.4 (9.4) 0.003  79.2 (9.2) 82.0 (10.5) 0.04 
SD of SBP, mm Hg 8.7 (5.5) 15.5 (7.5) <.001  11.6 (8.8) 17.4 (10.0) <.001 
Antihypertensive medication, % 4.7 11.1 0.03  13.8 25.6 <.001 
1 
Age significantly modified the association between standard deviation of diastolic blood pressure and change in global cognitive scores (p=0.02). 
DBP, diastolic blood pressure; SBP, systolic blood pressure; SD, standard deviation.
 
2 
History of myocardial infarction, stroke or diabetes were self-reported information 
7
7
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Supplemental Table 5.2. Mean difference in rate of change in cognitive scores comparing 
tertile of mean SBP,  standard deviation of SBP, and coefficient of variation of SBP 
(n=1213) 
1-6 
 
T1 T2 T3 p-trend 
Global scores  mean annual change: -0.40 points/y 
 
Tertile of mean SBP  
Model 1 0 (reference) 0.07 (-0.11, 0.24) 0.04 ( -0.14, 0.22) 0.67 
 
 
Tertile of standard deviation of SBP  
Model 1 0 (reference) -0.12 ( -0.30, 0.05) -0.20 (-0.37, -0.02)* 0.03 
Model 2 0 (reference) -0.13 (-0.31, 0.04) -0.23 ( -0.41, -0.04)* 0.02 
 
Tertile of coefficient of variation of SBP  
Model 1 0 (reference) -0.12 ( -0.29, 0.05) -0.28 (-0.45, -0.11)* 0.002 
Model 2 0 (reference) -0.12 ( -0.30, 0.05) -0.29 (-0.48, -0.11)* 0.001 
Composite scores  mean annual change:  -0.06 SU/y 
 
Tertile of mean SBP  
Model 1 0 (reference) 0.010 (-0.015, 0.036) 0.004 (-0.023, 0.030) 0.81 
 
Tertile of standard deviation of SBP  
Model 1 0 (reference) 
-0.016 (  -0.041, 
0.009) 
-0.027 (-0.052, -0.001)* 0.04 
Model 2 0 (reference) -0.016 (-0.042, 0.009) -0.029 (-0.056, -0.002)* 0.04 
Tertile of coefficient of variation of SBP 
Model 1 0 (reference) -0.018 (-0.043, 0.007) -0.039 ( -0.064, -0.014)* 0.003 
Model 2 0 (reference) -0.018 ( -0.043, 0.007) -0.040 (-0.066, -0.013)* 0.003 
Verbal memory scores mean annual change: -0.05 SU/y 
 
Tertile of mean SBP  
Model 1 0 (reference) 0.008 (-0.021, 0.038) 0.013 (-0.019, 0.044) 0.44 
 
Tertile of standard deviation of SBP  
Model 1 0 (reference) -0.022 (-0.052,  0.007) -0.034 (-0.064, -0.003)* 0.03 
Model 2 0 (reference) -0.026 ( -0.056, 0.003) -0.044 ( -0.075, -0.012)* 0.01 
Tertile of coefficient of variation of SBP 
Model 1 0 (reference) -0.016 (-0.046,  0.013) -0.045 ( -0.075, -0.016)* 0.002 
Model 2 0 (reference) -0.018 (-0.047, 0.012) -0.051 (-0.082, -0.020)* 0.001 
1 
Model 1 adjusted for age, gender, education (graduated from primary/less), time (year since baseline), and time 
interactions with each covariate. DBP, diastolic blood pressure; SBP, systolic blood pressure. 
2
 Model 2 additionally adjusted for urbanization index, history of stroke, history of diabetes, ever used 
antihypertensive treatment, mean SBP, and time interactions with each covariate.  
3
 p<0.05 were highlighted by asterisk (*) 
4 
Global score combined results of immediate recall of a 10-word list, delayed recall of a 10-word list, counting 
backward from 20, serial 7 subtraction, and orientation. 
     5
 Composite scores were computed by baseline z scores of memory scores and the rest of the cognitive scores, and 
were averaged into a single measure. 
6
 Verbal memory score combined results of immediate and delayed recall of a 10-word list. 
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Supplemental table 5.3.  Mean difference in rate of change in cognitive scores comparing 
tertile of standard deviation of DBP 
1-4 
 All participants 
(n=1213) 
 
 
Age at entry<65 
(n=755) 
 
 
Age at entry≥65 
(n=458) 
 β (95% CI)  β (95% CI)  β (95% CI) 
Global scores      
Mean annual change 
(points/y) 
-0.40  -0.34  -0.50 
Model 1 T1 0 (reference)  0 (reference)  0 (reference) 
 T2 -0.05 (-0.22, 0.12)  -0.20 (-0.42, 0.01)  0.19 (-0.11, 0.49) 
 T3 -0.13 ( -0.31, 0.04)  -0.27 (-0.48,  -0.05)*  0.09 (-0.21, 0.38) 
 p-trend 0.13  0.01  0.61 
Model 2 T1 0  0  0 
 T2 -0.03( -0.20, 0.15)  -0.22 (-0.43,  0.00)  0.15 (-0.16, 0.45) 
 T3 -0.10 (-0.28, 0.08)  -0.31 ( -0.55,-0.07)*  0.10 ( -0.20, 0.40) 
 p-trend 0.28  0.01  0.41 
Composite score 
Mean annual change 
(SU/y) 
-0.06 SU/yr  -0.05 SU/yr  -0.08 SU/yr 
Model 1 T1 0 (reference)  0 (reference)  0 (reference) 
 T2 -0.007 ( -0.033, 0.018)  -0.028 (-0.058, 0.002)  0.024 (-0.020, 0.068) 
 T3 -0.026 ( -0.051,  -0.001)*  -0.047 (-0.078, -0.016)*  0.008 (-0.036,  0.051) 
 p-trend 0.04  0.003  0.76 
Model 2 T1 0 (reference)  0 (reference)  0 (reference) 
 T2 -0.005 ( -0.030, 0.021)  -0.031( -0.062,  0.0002)  0.030 ( -0.014, 0.074) 
 T3 -0.022 ( -0.049, 0.004)  -0.055 (-0.089,  -0.021)*  0.015 (-0.030, 0.060) 
 p-trend 0.098  0.001  0.535 
Verbal memory score 
Mean annual change 
(SU/y) 
-0.05 SU/yr  -0.05 SU/yr  -0.06 SU/yr 
Model 1 T1 0 (reference)  0 (reference)  0 (reference) 
 T2 -0.007 (-0.037, 0.022)  -0.033 (-0.070, 0.004)  0.035 ( -0.014, 0.084) 
 T3 -0.003 (-0.033, 0.027)  -0.020 (-0.058, 0.017)  0.024 (-0.023, 0.073) 
 p-trend 0.85  0.29  0.34 
Model 2 T1 0 (reference)  0 (reference)  0 (reference) 
 T2 -0.002 ( -0.032, 0.027)  -0.033 ( -0.071, 0.005)  0.043 (-0.006,  0.092) 
 T3 0.005 ( -0.027, 0.036)  -0.021 (-0.062, 0.021)  0.031 (-0.018, 0.081) 
 p-trend 0.76  0.33  0.23 
1  
Age significantly modified the association between standard deviation of diastolic blood pressure and change in 
global cognitive scores (p=0.02).  DBP, diastolic blood pressure; SBP, systolic blood pressure. 
2 
Model 1 adjusted for age, gender, education (graduated from primary/less), time (year since baseline), and time 
interactions with each covariate.  
3
 Model 2 additionally adjusted for urbanization index, history of stroke, history of diabetes, ever used 
antihypertensive treatment, mean DBP,  and time interactions with each covariate.  
4
 p<0.05 were highlighted by asterisk (*) 
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Supplemental table 5.4. Associations of aMeDi and its food component and coefficient of 
variation of SBP and DBP 
1-3 
   CV of SBP 
 
CV of DBP 
  Criteria for 1 point  β p 
 
β p 
aMeDi score   -0.001 0.71   -0.002 0.31 
Vegetables Above sex-specific median    -0.003 0.35  -0.001 0.73 
Legumes and nuts   Above sex-specific median    0.003 0.46   0.006 0.13 
Fruits   Consumer    -0.010 0.09   -0.014 0.05 
Fiber-rich grains   Consumer    -0.004 0.44   0.004 0.55 
Fish   Consumer     -0.001 0.78   -0.008 0.06 
Alcohol  10-50g/day for men and 5-
25g/day for women   
 
 
0.001 0.90   -0.006 0.49 
Red meat and processed 
meat 
Below sex-specific median    0.004 0.30   0.005 0.31 
Animal-source cooking 
fats  
Nonconsumer  -0.001 0.71  -0.005 0.27 
1 
Model adjusted for age, gender, education (graduated from primary/less), region (south/north), 
urbanization index, physical activity (tertile), body mass index, total energy intake. aMeDi, 
adapted Mediterranean diet; CV, coefficient of variance; DBP, diastolic blood pressure; SBP, 
systolic blood pressure 
2
 For each food component, 1 point was compared to 0 point 
3 
Negative coefficient suggest that the factor associates with smaller variability of systolic or 
diastolic blood pressure 
  
Figure 5.1. Mean difference in rate of change in global cognitive scores, composite scores, and verbal memory scores by tertiles 
of mean SBP, standard deviation of SBP, or coefficient variation of SBP 
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Figure 5.2. Mean difference in rate of change in global cognitive scores, composite scores, 
and verbal memory scores by tertiles of standard deviation of DBP
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1
 Age significantly modified the association between standard deviation of DBP and change in 
global cognitive scores (p=0.02).  
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Supplemental Figure 5.1.  Temporal sequence of the measurement of diet, blood pressure, 
and cognitive function of a typical participant in the analytical sample  
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Chapter 6. Synthesis 
Overview of Findings 
 The current research examined how changes in cognitive function over time relate to 
dietary and vascular risk factors among community-dwelling Chinese older adults. We used 
longitudinal data from the China Health and Nutrition Survey (CHNS), a large cohort study 
including a diverse sample with a wide-range of demographic and socio-economic 
characteristics. This research included participants aged 55+ who were administered the 
cognitive assessment on at least two occasions from 1997 to 2004.  
Since previous work has highlighted the potential for preventing cognitive decline 
through diet, particularly fish rich in ω3 PUFA, we first examined the association between fish 
intake at baseline and cognitive function over time. Because foods are consumed together in 
complex combinations, we further determined whether dietary patterns influence cognitive 
decline. Both an adapted Mediterranean diet and dietary patterns derived using factor analysis 
were evaluated, along with individual food components of the Mediterranean diet, many of 
which also associated with adherence to the beneficial factor analysis pattern. Finally, we 
examined how vascular risk factors, including visit-to-visit variability in blood pressure as well 
as mean blood pressure and late-life hypertension, affected cognitive decline. We also examined 
one pathway through which diet may affect cognitive decline, by determining whether visit-to-
visit variability in blood pressure, which was found to influence cognitive change, appeared to 
mediate the relation between diet and cognitive function. Multiple measurements of blood 
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pressure were used from 1991 up to the first assessment of cognitive function (1997 or 2000). A 
brief summary and synthesis of our findings are provided below. 
 
Fish intake and cognitive function over time in older adults 
We have shown among community-dwelling older adults in China that consuming at 
least one serving (i.e. 100g) per week of fish may reduce the rate of cognitive decline for 
individuals 65 years and older, independent of a wide array of non-dietary and dietary factors. 
For adults aged 55 to 64 years, we did not find such an association. Removing shellfish and/or 
preserved fish from total fish intake did not alter our findings.  
Previous studies have suggested that associations between fish consumption and 
cognitive health may be partly attributable to associations between fish intake and healthier 
dietary patterns, which in turn may predict better cognitive health. To alleviate the concern that 
the benefit of fish on cognitive function was attributable to other "healthy" diet components, we 
adjusted for dietary patterns derived by factor analysis in the models. The two dietary patterns 
derived in this sample were a wheat-based diverse diet (pattern 1) and a rice/pork diet (pattern 2). 
Higher adherence to the wheat-based diverse diet was associated with a slower rate of cognitive 
decline. However, the association between fish intake and cognitive decline was not materially 
altered after controlling for dietary pattern scores. 
We found age played an important role in the relation between fish consumption and 
cognitive change. Since age was considered to be a key factor in cognitive decline of older 
adults, we examined the average cognitive scores over time by age groups (55-59, 60-64,65-69, 
70+) with the time scale as years since first observation. Similar to other observations, 
102,103
  we 
found that those who were older, particularly those age 65 and older, had slower cognitive 
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function at entry and a faster rate of decline. It is possible that the null findings in the younger 
age group could be due to insensitivity of the screening measure and thus diminished ability to 
detect associations. 
Until now, few studies examining fish intake and cognitive performance have been 
performed in populations, such as Chinese, where the most commonly consumed fish types were 
lean rather than fatty fish. Our findings support the potential benefits of fish intake for preserving 
cognitive function in populations where the predominant types of fish consumed may differ from 
those in Western countries. 
 
Dietary patterns and cognitive function over time in older adults 
We found that a Mediterranean dietary pattern may reduce the rate of cognitive decline 
among adults 65 years and older. A factor analysis derived dietary pattern rich in wheat, fish, 
fruits, nuts, and dairy, as well as low in animal-source cooking fats, which we labeled a wheat-
based diverse diet, was also associated with slower decline of global cognitive function for adults 
65+. Although the food grouping systems used to develop the adapted Mediterranean diet and 
the wheat-based diverse diet were substantially different (34 food groups and condiments for the 
latter, vs. 9 broad food groups for the former), results based on the two patterns were consistent. 
The wheat-based diverse diet shared many common foods with the simpler Mediterranean diet, 
including high intakes of fish, fruit and dairy foods and low intakes of animal-source cooking 
fats. We observed substantial reductions in cognitive decline associated with high adherence to 
both patterns among adults aged ≥65 years, and no significant relationship for adults aged 55 to 
64.  
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Why might the Mediterranean diet protect against cognitive decline? Several mechanisms 
have been proposed, including reducing oxidative stress and inflammation, 
28,29,33,34
 preventing 
against vascular comorbidity and cerebrovascular diseases which were known risk factors for 
cognitive decline and dementia. 
123-126
 
To our knowledge, this is the first study to identify empirically-based dietary patterns in 
Chinese older adults that predict slower rate of cognitive decline. Our study may inform dietary 
guidelines and interventions to promote the maintenance of healthy dietary patterns in older 
adults.  
 
Visit-to-visit variability in blood pressure and cognitive decline in older adults 
We found that higher visit-to-visit variability in systolic blood pressure predicted faster 
decline of global cognitive function and verbal memory among community-dwelling Chinese 
older adults. We defined visit-to-visit variability in blood pressure as standard deviation and 
coefficients of variation in blood pressure, which is the same as several other studies.
7,60,63,67
 
Higher visit-to-visit diastolic blood pressure variability was associated with a faster 
decline in global cognitive function among adults 55 to 64 years, but not for adults aged 65+. 
Similar to our finding regarding the role of age with respect to DBP variability, others have 
found visit-to-visit blood pressure variability to be more predictive of stroke incidence among 
younger participants.
61
  
To contribute to the nascent literature exploring whether nutritional factors that predict 
hypertension control may also be associated with BP variability, we evaluated the ability of  the 
aMeDi or its food components measured at the first BP visit to predict subsequent BP variability 
across visits. Fruit consumption was associated with slightly lower visit-to-visit BP variability. 
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We did not find significant relationships between overall aMeDi score or its remaining food 
components and visit-to-visit BP variability. In addition, we did not detect a significant relation 
between high-Na condiments including salt and soy sauce and BP variability, which is consistent 
with the null finding of a recent randomized controlled trials by Diaz and Muntner et al on salt 
reduction and visit-to-visit BP variability.
68
 
Although fruit consumption measured at first BP visit was associated with a slower rate 
of cognitive decline, the relation was not substantially altered after additionally adjusting BP 
variability, suggesting that the benefits of aMeDi including fruit on preserving cognitive function 
may not be meaningfully mediated by visit-to-visit BP variability. In aim 1 & 2, we used diet 
measured at the first cognitive assessment, while in aim 3, to alleviate the concern that people 
may modify their diet based on their BP levels, we used diet at the first BP visit, which occurred 
a few years earlier than the first cognitive test. However, in supplementary analyses, we 
confirmed that the association between major food components such as fruit and cognitive 
function remained relatively stable over time.  
Our study filled an important gap in the literature on the role of BP variability in 
cognitive decline, in that there is no prior evidence regarding the relation between visit-to-visit 
BP variability and changes in cognitive function over time. Previous studies, including 
longitudinal analyses in which BP measures preceded cognitive assessment, did not include 
multiple assessments of cognitive function. Intervention trials and additional longitudinal studies 
are needed to confirm this finding, and to identify effective strategies for reducing BP variability. 
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Limitations 
Several possible limitations warrant mention. First, we were concerned about 
nonresponse bias in that those who participated in the cognitive tests may have had better 
cognitive performance compared with non-respondents. Differences between participants and 
those that were eligible but did not complete the cognitive tests at all waves may not adversely 
affect internal validity, but may limit our external validity i.e. generalizability to relatively 
healthy older adults. In the sensitivity analysis of aim 1, we compared characteristics associated 
with cognition (e.g. age, education, etc.) between those who completed the cognitive tests at least 
twice and those completing only one wave. We found no significant differences regarding a 
number of demographic and socioeconomic factors.   
Second, the current research is observational in nature, with known limitations.  Although 
a wide array of covariates were adjusted and found to have little effect, some residual 
confounding is possible. For example, diabetes was self-reported and may be subject to 
considerable underreporting. Therefore, we may not fully control the influence of diabetes on the 
relation between diet or BP variability and cognitive changes. 
Third, the cognitive screening items adopted in CHNS were relatively narrow in the 
scope of cognitive assessments. A more thorough assessment would have allowed us to conduct 
more detailed analysis in specific cognitive domains.  
The use of a limited number of 24-hour recalls limited our ability to estimate usual intake 
of foods particularly for those episodically consumed. The use of 3-day recalls likely increased 
random measurement error in the estimate of fish consumption, which could attenuate 
associations. Additionally, it did not allow us to evaluate in greater detail the dose-response 
 90 
association of fish intake and cognitive decline. This dietary assessment method, while generally 
more precise and valid than alternatives such as food frequency questionnaires, may contribute to 
our observation that many food groups such as fruit, nuts, dairy and alcohol had a low proportion 
of consumers. During factor analysis, food groups that had less than 5 percent of consumers were 
of necessity excluded from our analysis. Therefore, our a posteriori dietary patterns may not 
fully capture habitual intakes of all foods relevant for cognition. 
Moreover, visit-to-visit BP variability in our research was calculated primarily from 3 
visits, which limited the precision of our estimate of BP variability compared to studies with 
more measurements. We would expect the precision, and perhaps the magnitude of associations 
between visit-to-visit BP variability and cognitive decline to be strengthened with additional 
measurements.
161
  
 
Strengths and Public Health Impact 
 The rapid aging of the Chinese population necessitates research on methods for 
preventing accelerated cognitive decline. By utilizing advanced epidemiological methods, we for 
the first time systematically studied the associations between dietary components and overall 
dietary patterns as well as vascular risk factors with cognitive decline in the Chinese population. 
 The longitudinal nature of our data enabled us to establish a temporal sequence between 
exposure and outcomes, and could provide stronger evidence of a causal relationship compared 
to cross-sectional data. We know that repeated measurements on an individual are very unlikely 
to be independent. Ignoring the correlated measurements on the same individual over time will 
lead to biased estimation and false hypothesis testing.
173
 Longitudinal models, by addressing the 
correlation between observations, are more appropriate for modeling repeated measurements 
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over time. In our research, we used mixed-effects models to study cognitive function over time. 
Mixed-effects models are a regression model suited for analyzing repeated (or correlated) 
outcomes, and in particular continuous outcomes as in our study. Mixed models allow hypothesis 
testing and estimation of both fixed effects and random effects simultaneously.
18
 In our study, 
fixed effects are the population average rate of change in cognitive function, and the random 
effects account for variability of intercept and variability of rate of change among individuals. 
Up till now, longitudinal studies have been  uncommon for studying dietary patterns or BP 
variability and cognitive function.  
 Another major strength is the use of a population-based sample from the China Health 
and Nutrition Survey, which imparts the ability to generalize the results to the Chinese 
population. The majority of previous studies examined visit-to-visit BP variability and cognitive 
function in high risk populations, including subjects with a high risk of cardiovascular disease or 
a high prevalence of hypertension,
6,7,60
 and populations in which more than half were cognitively 
impaired.
67
 Therefore, our study filled a major gap in the literature, related to whether visit-to-
visit variability in BP predicts a faster rate of cognitive decline in a general population of older 
adults.  
 Despite the limited range of the cognitive measure, the use of two scoring methods to 
evaluate overall cognitive function, and the use of multiple analytic models and sensitivity 
analyses increased our confidence in the robustness of our findings. 
Results from our study can help to inform an evidence base for dietary guidelines and 
interventions for Chinese older adults, supporting the promotion of fish consumption at least 1 
serving per week, and adherence to a Mediterranean dietary pattern or diet patterns rich in fish, 
fruit, and low in animal-source cooking fats. Our results support the clinical relevance of visit-to-
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visit blood pressure for cognitive health in older adults. Controlling blood pressure instability 
could be a strategy in preserving cognitive function among older adults, but intervention trials 
and more longitudinal studies are needed to confirm this finding, as well as to identify lifestyle 
factors that may be effective for meeting this goal. 
This research could also be informative for public health strategies in the US and other 
countries, as population aging is a global issue. The methods used in this project can also be 
directly applied in the US or other populations, contributing to knowledge of nutritional 
strategies that may help to reduce cognitive decline. 
 
Future Directions 
While this study identified several factors associated with the rate of cognitive decline in 
Chinese older adults, it also raised a number of questions that merit further investigation. The 
CHNS provided the opportunity to evaluate the potential role of fish consumption in helping to 
reduce cognitive decline in Chinese older adults. In these data, one of few large population-based 
cohorts with repeated measures of cognitive function, we found that consuming at least one 
serving per week of fish may reduce the rate of cognitive decline for individuals 65 years and 
older. However, the underlying nutrients responsible for the beneficial effects of fish 
consumption on cognitive preservation remain to be identified.  Limited effects in clinical trials 
suggest that these associations may not be attributable to ω3 PUFAs alone, may be related to 
these fatty acids only when baseline levels are low, or may be related to the combined effects of 
ω3 PUFAs plus multiple micronutrients in fish, such as vitamin D and B-complex vitamins. 
Although estimated intakes of ω3 PUFAs were not available at the time of this analysis, future 
research in the CHNS will be able to examine whether the beneficial effects of fish on cognition 
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are related to higher intakes of ω3 PUFAs from fish or multiple food sources, perhaps in 
combination with other micronutrients. Such analyses may help to determine whether future 
interventions should focus on fish, on other sources of ω3 PUFAs, or on strategies that aim to 
increase intake of multiple nutrients.  
Although previous studies have suggested that some types of seafood, may not be 
beneficial for reducing cognitive decline,
80
 we were unable to analyze associations with different 
seafood subtypes separately. For example, shellfish may contain lower concentrations of certain 
ω3 PUFAs compared to fatty fish, as well as higher concentrations of contaminants that may 
offset cognitive and other health benefits;
85-87
 preserved fish is often high in salt and may also 
contain high concentrations of chemicals potentially hazardous to health.
19,20
 However, intakes 
of these types of seafood were infrequent in our data, perhaps in part due to the use of 3-day 24-
hour recalls. Additional research using datasets which include information from food frequency 
questionnaires, which are better able to capture habitual intakes of multiple types of seafood, is 
needed to further assess if cognitive benefits may be related to particular types of seafood. 
Our findings support that higher adherence to the Mediterranean diet could help to reduce 
cognitive decline among Chinese older adults. We also showed that higher intake of fish and 
fruits, and lower intake of animal-source cooking fats, may be primarily responsible for the 
observed benefits. However, few studies so far have examined dietary patterns and food groups 
together to understand what foods may  drive the associations between dietary patterns and 
cognitive function. In addition, as noted for associations with fish intake, there is a need for 
future studies to explore whether any benefits of the Mediterranean diet are attributable largely to 
selected nutrients. This information will help us  gain a more complete understanding of the role 
of diet in maintaining cognitive integrity, to more fully understand the biological mechanisms 
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involved, and perhaps to identify potential therapeutic targets for slowing the progression of 
cognitive disorders. 
Like several other studies, we did not find higher mean blood pressure to be associated 
with cognitive decline in older adults.
6,60,66,67
 However, our study found that visit-to-visit 
variability in blood pressure predicted a faster decline in cognitive function. This finding is 
among the first to show this association in a longitudinal setting including multiple assessments 
of cognitive function. Future longitudinal studies are needed to confirm our finding in other 
cohorts, including additional research which is not limited to high-risk populations. Currently, 
there is a paucity of evidence regarding the causes of long-term variation in BP, and what can be 
done to reduce it. Although calcium-channel blockers have been reported to be more effective 
for reducing BP variability than other classes of antihypertensive drugs,
158
 this finding has yet to 
be confirmed in other trials or larger cohorts.
174
 
This study also contributes to a small body of literature that examines whether lifestyle 
factors associated with reduced blood pressure may also help to reduce BP variability. 
68,69
 The 
Mediterranean diet, which has been associated with blood pressure reduction, was not found to 
be associated with visit-to-visit BP variability in our study. In these analyses we examined diet at 
first BP visit. However, long-term diet may be more relevant for BP stability across visits. Use of 
a simple long-term diet measure, such as mean intakes over multiple waves, is complicated by 
the possibility that higher blood pressure measures may have led some participants to modify 
their diets; these dietary modifications may, in turn, influence their subsequent BP measures. In 
other words, BP-dependent diet changes may themselves induce a correlation between diet and 
greater BP variability. While we avoided this bias by focusing on baseline diet, to tease apart 
these effects, future work in the CHNS could utilize a more comprehensive modeling strategy, 
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e.g. structural equation modeling or marginal structural models, to analyze the complex 
longitudinal relationship between diet, fluctuations in BP, and cognitive function in older adults.  
Our study focused on one modifiable lifestyle factor, diet. As discussed in a recent 
evidence report on preventing AD and cognitive decline,
122
 multiple risk factors may work in 
combination to more effectively prevent or slow cognitive decline.
122
 Therefore, it would also be 
of interest in the future to study the combined rather than the independent effects of multiple 
lifestyle factors, such as diet and physical activity, with cognitive decline.
175
 Such information 
would be useful for designing multi-dimensional interventions and programs.  
In sum, more studies are needed to confirm our current findings in other cohorts, and to 
extend our understanding of behavioral factors that can help to preserve cognitive function in 
older adults.  
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